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The information contained in restricted publications, such as 
the Ordnance Field Guide, and the essential characteristics of 
restricted material may be given to any person known to be in 
the service of the United States and to persons of undoubted 
loyalty and discretion who are cooperating in Government work, 
but will not be communicated to the public or to the press 
except by authorized military public relations agencies. (AR 380-5 
and Espionage Act 50 H.S.C., 31, 32, as amended.) 



How To Order The Ordnance Field Guide 

Purchases made in writing by an officer will be countersigned 
by the officer’s commanding officer or by the adjutant. Purchases 
made in writing by enlisted persons will be countersigned by 
the enlisted person’s immediate commanding officer. All counter- 
signatures will show the name, grade and organization of the 
officer countersigning. Officers making purchases in person are 
required to present their identification cards. 

Sales to military personnel will be made only through author- 
ized service school or service magazine book stores. 

Sales to any civilians will be handled only through the Ordnance 
School Book Store and only to persons who have been certified 
as to their unquestioned loyalty as coming under the provisions 
of AR 380-5 by the Commanding Officers of Arsenals or other 
military establishments or the District Ordnance Officers. 
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This manual is dedicated to our comrades-in-arms of the 
Ordnance Department who have gone into the combat zones 
all over the world in support of the Arms and Services in their 
struggle against the Axis. 

Their resourcefulness, initiative, and devotion to duty through 
month after month of arduous labor under difficult and hazardous 
conditions should serve as ‘Guide’ to the Ordnance Department 
for many years to come. 

It is especially dedicated to those Ordnancemen who left their 
families to Serve their country on Bataan, in Africa, Italy, France, 
Germany, Burma, China, and many other far-flung battlefields, 
and who will never return. 
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In the years to follow the defeat of Germany and Japan, the United States 
must play a major role. Regardless of what particular plan for the maintenance 
of security and peace may finally be adopted, one thing, at least, is certain: Our 
army must be ready to do its part in the great work. This work calls for an 
army flawlessly equipped, and thoroughly trained. Ordnance is both determined 
and prepared to do its part by insuring to that army the finest ordnance equip- 
ment and the best trained ordnance personnel in the world. 

The experience of World War II has shown, to even the casual observer, tht 
prime importance of that mobility and firepower which modern ordnance provides 
And to the trained military mind ordnance now, as never before, spells the differ- 
ence between success and failure. 

The myriad changes in ordnance during World War II complicate and increase 
the study and the work of our ordnance officers to a vast extent. The training 
of our ordnance officer corps, one of the prime charges of the Ordnance Depart- 
ment, must not only be effective but it must be complete. Each man must possess 
in addition to a mastery of his own special subject, a sweeping knowledge of 
modern weapons, a working acquaintance with all automotive practice and a com- 
prehensive understanding of an officer’s duties and responsibilities. 

To provide for this training, many have felt the need of a supplement to the 
hundreds of Technical Manuals and Training Courses, each of which treats 
exhaustively of a single subject. Not only is it desirable to have the outlines 
of many manuals, course texts, and training aids in one book but this book 
should incorporate the military knowledge and experience which could be com- 
piled only from all available sources. 

To prepare this compendium of modern ordnance a large group of ordnance 
officers and enlisted men volunteered to work on such a project. Lt. Col. William 
C. Farmer, a member of the Staff and Faculty of the Ordnance School, Aberdeen. 
Maryland, headed the group. Their material has been drawn from very many 
sources: Textbooks, manuals, service magazines, directives, dispatches, reports of 
observers from every battlefront and throughout the world, and last, but not least 
their own vast store of experience. 

How well Colonel Farmer and his associates have accomplished • the important 
work with which they were entrusted, is revealed in the pages which follow. 





Major General, Chief of Ordnance 
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After several years of service with ordnance troops and staffs, both in the United 
States and overseas, it was the feeling of the editor that a definite need existed 
for a ‘manual’ of such broad scope that it would serve as an encyclopedic ‘guide’ 
and ‘self -educating’ text for ordnance officers in the field. The “Ordnance Field 
Guide” has tried to meet this challenging assignment 

This manual covers a wide range of material. Principal sources appear in the 
bibliographies which are appended to the various subjects discussed, and which 
also furnish a ready guide to the many War Department publications that cover 
in greater detail the various matter pertaining to the organization and adminis- 
tration of the Army, the technical and military subjects, and the materiel, func- 
tions and operation of the Ordnance Department here presented. Other sources 
are: Ordnance School and industrial textbooks, service magazines, standing operat- 
ing procedures, ordnance plans, administrative orders, and other data obtained 
from overseas theaters, reports, conference notes, lectures, observers’ reports, and 
the combined knowledge of some 200 Ordnance officers and enlisted men who 
have compiled and written the original manuscripts for the various sections of 
the manual. 

Each officer and enlisted man who has contributed to this book is a specialist 
in some particular phase of ordnance operations or materiel. Many of them have 
served in the field, in Alaska, the Aleutian Islands, Australia, the Caribbean Area, 
the Far East, Guadalcanal, the Hawaiian Islands, Italy, the Middle East, New 
Guinea, New Hebrides, North Africa, Sicily, and the United Kingdom. Practically 
every type of ordnance field duty, with troops or staffs, is represented by their 
experiences. The Silver Star, the Legion of Merit, the Purple Heart, and the 
star-studded campaign ribbons worn by various contributors attest to their wide 
range of field activities. Every specialized course of instruction on ordnance 
materiel and operation offered by the various Ordnance schools is represented by 
a contributor to this work. Many of these officers are also graduates of the Com- 
mand and General Staff School (in either the general or service staff course) or 
of other service schools. 

The contributors have donated their services with no other remuneration than 
the satisfaction of aiding in a work that should help many ordnance officers to 
assimilate more quickly many of the complexities of their profession, thereby 
contributing to the efficiency of the entire Army and the war effort of the Nation. 

The royalties from the sale of this book will be donated to the Army Emergency 
Relief Society. 

In re-writing and editing the work of the various contributors, there has been 
no attempt to conform to a single standard of writing, and naturally many styles 
will be encountered due to the large number of contributors. All have attempted 
to treat the subject matter assigned to them in a ‘down-to-earth' manner, and 
have tried to cram as much ‘meat’ as possible in the space allotted. 

The data contained herein is not to be considered official. In using this manual, 
the reader must bear in mind that the composition, size, and duties of units 
and the quantities and types of equipment allotted to units are subject to constant 
change. In making field use of the data contained in this book, a check should 
first be made as to whether the then existing units and equipment are based on 
T/O & E’s which are later than those upon which the discussions in this manual 
are based. 
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Similarly, ordnance materiel is subject to re-design and improvement and 
operational technique improves with added experience. 

All ordnance equipment charts, tables of organization and equipment, and 
similar material reproduced herein, in whole or in part, bear the official War 
Department designation and the date of issue. 

It is suggested that the reader post any changes or revisions which might be 
later issued from official sources in his copy of the “Ordnance Field Guide.” In 
this way, the book can be kept up-to-date and will retain its value as an 
accurate source of information. 

The editor felt that in a work of this nature continuity of subject matter was 
most important. Therefore, there are no cross-references on minor subjects, 
although larger subjects have been cross-referenced when deemed necessary. It 
was believed, however, that the repetitions of information in the Guide would 
serve a useful purpose. 

A study of this Guide cannot be expected to make the reader an expert in any 
one subject, but it should give a useful background for nearly every situation 
with which the ordnance officer can reasonably expect to be confronted in the 
field. It should also lay the groundwork for any specialization the reader might 
wish to pursue at a later date. 

The original intention of the editor was to prepare an ordnance textbook of 
broad scope as a guide for training purposes. Due to the advanced state of 
Ordnance Training for World War II, a compromise between a textbook and a 
field reference guide has been compiled to serve for the duration of the present 
conflict. 

The editor contemplates a revision of the “Ordnance Field Guide” shortly after 
the termination of the present war. It is expected that the experience gained 
in the editing of this edition, coupled with the many ordnance lessons of the 
war which will be available at that time, should enable the preparation of a 
much more comprehensive and cohesive textbook. A standardized set of books 
of this type would in the opinion of the editor be of extreme value in the post- 
war training of ordnance officers and troops, whether at ordnance schools, ordnance 
training centers, civilian colleges, or in the field. Criticisms, suggestions, and 
contributions from ordnance personnel, both in the garrison and in the field 
will therefore be welcome at any time, and will be used to the fullest extent in 
the contemplated future revisions of this manual. They should be sent to the 
editor at the address below noted. 

Special acknowledgment is made to Col. Willis R. Slaughter, Commandant, The 
Ordnance School, for making available the facilities of The Ordnance School dur- 
ing off-duty hours for research, illustrations and typing. The “Ordnance Field 
Guide” would not have been possible without his encouragement, appreciation and 
whole-hearted support. 

Col. L. A. Codd, Executive Assistant to the Chief of Ordnance who took a 
personal interest in the Editor’s idea for such a Guide, did much to make the 
project possible. 

The Editor cannot conclude this preface without stating that he has been mosl 
effectively assisted by Major John B. Scott in the overall and detailed planning 
editing, rewriting and coordinating of the material for the volumes of this work 

WILLIAM C. FARMER, 

Lt. Colonel, Ord. Dept., 
Editor. 

Staff and Faculty 
The Ordnance School 
Aberdeen Proving Ground, Maryland 
January 1, 1945. 
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The following officers and enlisted men of the Ordnance Department have 
contributed their time and efforts in compiling and writing the original manu- 
scripts on the various subjects covered in this volume. The amount of work done 
ranges from one or two hours on some of the smaller contributions to many, many 
hours taken from their limited spare over a period of two or three months. 

No attempt is made to give specific credit to a particular writer, but all con- 
tributors are listed under the pertinent chapter heading. In some cases an article 
or a portion thereof was prepared by the Editor or by those assisting him. 
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CHAPTER 1 



BOMB RECONNAISSANCE AND DISPOSAL 



INTRODUCTION 



Bomb Disposal is one of the newest, smallest, and least known branches of the 
3rdnance Department. Its work, nevertheless, is of vital importance since its 
)urpose is to make possible the smooth flow of supplies wherever the enemy has 
ried to interrupt it by attacks from the air. Since every Ordnance officer in the 
ield is very likely to find himself in a position where he will require the assistance 
>f a bomb disposal unit, it is essential that he know something about the history, 
>rganization, and background of this Ordnance branch as well as the type of work 
t does. 

HISTORY 



Prior to the current war there was no need for scientific disposal of dud ammu- 
lition, because artillery fire fell only in combat areas where it was of little danger 
o any vital part of the battle, or where it could readily be blown up if it were. 
Serial bombing was still in its infancy and amounted to nothing more than an 
ilternate method of using artillery projectiles, because the first World War was 
yell under way before anyone thought of designing a bomb specifically for use 
rom an airplane. 

The air blitz on Britain in 1940, however, made it painfully apparent to the 
British that dud bombs were no longer harmless items which could be carried 
way or blown up where they lay. About 10 per cent of all the bombs dropped on 
he British Isles during those first years of the war failed to explode and, with 
he number of bombs dropped as high as it was, that meant a great many un- 
xploded bombs lying about the factories and cities. These might well have been 
isposed of by former methods with little loss of life had it not been for the fact 
hat as many as seventy-five out of a hundred, in some raids, were not duds, but 
ombs with delayed action fuzes which would explode sometime during the three 
r four days immediately following the raid. The introduction of time fuzes made 
very dud a potential menace. The average citizen, air raid warden, or soldier was 
ot able to tell which bombs were likely to blow up in a short time and which 
'ere not. The constant detonating of bombs for days after each raid kept the 
opulace in a state of nerves, which did not bode well for the general welfare. 
Lgain, the fear that some unexploded bomb might not have been located and 
ould be lying under one’s home or workbench, its clock ticking off the hours of 
ife left to the worker, had a harmful effect on the nation’s production. Factories 
hut down for days at a time because of the presence of a bomb which might well 
ave been removed by properly trained personnel. The consequence of this was 
prompt call for volunteers to meet the new menace; and with the formation of 
n organization to deal with the problem, bomb disposal was born. 

Britain’s early volunteers knew nothing much about the missiles which were 
ausing so much trouble, but they had been chosen for their sound technical back- 
rounds and for their courage, both of which qualifications were quickly put to 
test. Their methods for handling various types of fuzes were learned by trial 
ad error, and, while successful trials were welcomed, errors were invariably 
)stly. It is the information gained by these courageous men and paid for with 
leir blood that made bomb disposal what it is today — a scientific and technical 
rocedure for handling and rendering safe unexploded bombs or other missiles. 
The need for bomb disposal in the United States was foreseen, because of British 
sperience, before we became actively engaged in the war. In 1941 the problem 
as carefully studied with the result that responsibility for the disposal of un- 
tcploded bombs was given to the Ordnance Department. Shortly after the attack 
a Pearl Harbor, a group of officers and noncommissioned officers was dispatched 
) England to study the subject at first hand, and simultaneously the Bomb Dis- 
Dsal School at Aberdeen Proving Ground was organized. While the American 
Lission was in England, a group of British officers and enlisted men came to this 
mntry to handle the training of the first classes of the new school. The English 
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officers were all men with outstanding records in bomb disposal operations i 
England, and they brought with them a complete line of the equipment they ha 
developed to deal with unexploded bombs. Obviously, the first American bom 
disposal men were organized and trained to use British methods and equipmen 
It was not long, however, before our own research and development staff bega 
to devise methods which, upon being put to the test in the field, proved wholl 
satisfactory for the purposes for which they were intended; and, since the forma 
tion of American bomb disposal, many new tools have been adopted. Today Amer 
ican bomb disposal troops are located on every fighting front equipped wit 
American tools and trained in American methods none of which were adopte 
without sufficient field testing to insure their adequacy. 

While modern bomb disposal methods have been standardized to some exten 
each bomb really presents a special problem of its own. A study, however brie: 
of the following pages should convince the reader that the problem is a comple 
one with variable factors that are almost endless. It is not the purpose, howevei 
of this text to go into any very detailed description of either enemy fuzes o 
methods used by the Allied Nations of handling them. The latter subjects ar 
classified information to serve as a protection to bomb disposal men on the fightin 
fronts, because it has been learned through bitter experience that the enemy use 
what he learns of our techniques to construct deadly booby traps. 

There are two main divisions to bomb disposal work. The first is known as bom 
reconnaissance. It consists of the recognition of various items which the enem 
or ourselves might drop, combined with the knowledge of how one can tell whethe 
or not an unexploded bomb is present under various confusing conditions as we! 
as a method for protecting all personnel concerned while a report is submitte 
and a bomb disposal unit summoned. The term ‘UXB’ is a contraction common! 
used to refer to unexploded bombs. Originally, reconnaissance was not considere 
a necessity since it was thought that anyone who found a bomb could call tb 
proper help for the disposal of it. However, bomb disposal units in the Britis 
Isles were kept so busy answering false alarms that special training was decide 
upon as the only means by which true reports could be obtained, and a consequer 
saving of time and highly trained manpower achieved. 

The second division of bomb disposal work is, of course, Bomb Disposal itself- 
the job of defuzing missiles and removing them to bomb cemeteries for final dis 
position. This job involves considerably more technical knowledge than bom 
reconnaissance since the bomb disposal man must not only be able to do ever) 
thing done by the reconnaissance man, but also must know how to get at a bom 
regardless of where it may be (a case is on record of a 20mm shell recovere 
from a man's body by the joint efforts of a surgeon and a bomb disposal officer 
must know how to make it safe, which involves a complete understanding of a 
fuzes currently in use as well as all which might possibly be used, and must kno 1 
how to get it out of its resting place, and move it carefully through populate 
areas to a safe place for its final disposal. 

Before passing to some of the technical aspects of the subject, it may be < 
interest to note that, since the early days of bomb disposal in England, the origin) 
ideas regarding its purpose have changed considerably. The reader will recall th: 
it was originally conceived in order to keep production from bogging down and 1 
uphold civilian morale. More recently it has been learned that bomb dispos 
troops are even more valuable for the protection and maintenance of supply, con 
munication, and replacement lines in battle areas and even for the clearing i 
beaches in landing operations. It is no longer, then, a service which is tied close 
to the civilian defense organization of a country, but actually a part of the comb 
team wherever that team may be functioning. Bomb disposal is now on the offei 
sive, rather than on the defensive. This close association with combat troops h 
brought other problems to the bomb disposal units in the field. Because the 
specialized knowledge of ammunition is of such great assistance in that type 
work, they are frequently called to clear munition dumps of booby traps. This, 
course, has brought about the addition of mines and booby traps to the course 
study which each BD man must undergo before being sent to the field. Sui 
knowledge immediately led field commanding officers to use their available bon 
disposal units for booby trap removal work in many cases where engineer troo 
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-•vert- not available in suftVci'Hit number to handle the situation.; ■ It should be 
■ •■.■’a si ted, however, rhat . ibis 'i;? not u.e main 'function. of. bomo disposal Units, 
rather, a sort of "exi.ro added attraction.’’ 

Iftpudaslkwi to Bombs 

Disposal and ivoonimisstim'K personriel must he able to identify XpPWp bombs of 
. the warring nations and to nmko .a good, guess as to type &hd functioning of 
4»* types which might be tmebuhierpd. and wEigti are as- sect upknowre To do this- 
ouster: only if is important to ' know some- gene- uk pi-inciples of bomb Construction 
is irll as to determine upon standard, tefTniruiiogy. 
itemfe!' ate' hollow materials! ^jWsii'. 'iSrb-, fired 

-. means of a tore either at a predetermined time &he r bt.mg veloaied by the 
iir’tef. pi arte, upon impact with tEP targe 1 ;, guf.' ^ ; a£t e;te: : i irt|?a*u 
■he target. 

SiB&CitSiion. l/«g's oi-o eye bolts, T-lo£s, oi other devices on a bomb by meyns 
:> M'ejeH | | carried in the planes bomb tack. The mini bar, type, and loea.Oon oi. 
■ logs on h ■ bomb are important^ features. In. 'identifying it 
t'©cs are the devices hv .which the detonation of the explosives within a bomb 
* •ritbted. They msy be 'iocate.4 ir» the side of till' bomb., in its nose, and/or in 
1 Mor<- failed epnsidt-ratioii will be given {h.pSe items later. 

< tierce Weight rKftiib is. the. percentage obtained by dividing the weight, of 
r’.-o-.ve matorte! by the total weight of the loaded bomb. 

Base jPjates are the mciixis'hy which the rear end of the bomb body is- closed 
They are often known ;>s filler plugs although that inly is not toe ocf.t.i.rate 
iiftefe- they very thepueritly nTa not plugs ybd 'nipby timei aro not the points $1 

tci* n .• . i. «•- 'arati&i 'tiiitX ; v -' v 



plates myji! be 



Saucepan Plug 



Pemala Plug 



FigUrt J. Base Plate. 



-V^le, plupr ; .A .Tnak* type plUg which -screws into .thp- fosse ’of utie bomb to close n. 

.basis of the 



sent) horni:fpht:vr«;i;d plate which fit-" over -up! entire «var end of the 
d<ab: ; :iad. : uS held in place .threading." .;.: e : e'; ; ' 
Tuvrgptsr; plug: An. an^fp^typy : p?ato winch ' fit;?.- into, the ' rear -tod of Ibo bomb 
*>d : t* the upper flange of whiph fi-se-mved ok jested .'Ibe ftdMb’A tail assembly . 
rd rone plug: In imme bombs, nothhly the .Japanese, the explosive content’ is 
' £pj> the. f^jLcksse. Iu this type of bomb. 

EaSe , plate, 'i^beppctryldil assembly actually taking its place and 
‘-me as part Of the bomb body. 

tail Assembly is ; .the most tUsliogUishifie femnro j n the identification of moat 
i«r:bs; Th£re are a. great rrt n ny : typos w h :eb m f l be described in further detail 
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4 Tail Struts 

when specific bombs are dealt with. For present purposes let us speak of general 
principles of tail construction only. 

The tail cone is the conical shaped portion, the base of which fits the base of 
the bomb and to the sides of which are fastened the tail vanes. In some bombs, 
particularly the American, there is no real tail cone, the tail assembly clamping 
directly to the bomb body without any cone to act as joiner. 

The tail vanes serve the same purpose on a bomb as do the feathers on an 
arrow, namely to guide it more accurately in flight and to cause it to strike the 
target nose first. Tail vanes may be full blades, solid from one end to the other; 
they may be cut out to leave room for the propeller blades of a tail fuze; or they 
may be nothing more than rods to support the tail struts, as is frequently seen in 
Italian bombs. Another point to check when examining the tail assembly of a 
bomb is the place at which the tail vanes form their lowest point of contact with 




Box Type Tail Strut 




Figure 2. Types of Tail Struts. 



the tail cone. It might be at the base of the cone or at any distance up the sides— 
such location being a definite characteristic of the bomb in question. 

Types of Tail Strut. The box type and the ring or crown .types are the prin- 
ciple types seen in the field. The former, when looked at from the end forms a 
square, while the latter has a circular shape. Struts may be made of metal rods 
or strips or may be wide bands of metal. They may be riveted, screwed, or welded 
to the tail vanes or they may be an integral part of them as is the case with the 
cast magnesium alloy tail assemblies used on some German and Italian bombs. 

One other feature to watch for in examining tail assemblies is the method o i 
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fastening them to the bomb body. Is it screwed, riveted, welded or clamped? How 
many screws or rivets are used, what material are they made of, and how are 
they arranged? 

Bomb Bodies. In the examination of a bomb, its body should be carefully 
studied. There are streamlined bodies, those which are totally lacking in ballistic 
design, and all intermediate stages. The bodies may be one piece forgings or 
castings, well or poorly machined. They may be made of several pieces welded or 
riveted together. There may be special attachments on the body which would serve 
to help identify the bomb. The color and the markings have very definite sig- 
nificance and should be carefully noted. Further details in this respect will be 
given later. 

With these general points established, we can now proceed to a consideration of 
the various types of aerial missiles. 

Generally speaking there are four types of missiles which may be dropped from 
the air: 

1. High Explosive Missiles. 

2. Chemical Bombs. 

3. Pyrotechnics. 

4. Containers. 

The most important of these are the High Explosives which include High Capac- 
ity, General Purpose, Semi-Armor Piercing, Armor Piercing, Anti-personnel and 
Anti-Submarine Bombs as well as Navy Mines. These H.E. Missiles range in 
weight from items of less than a pound to the large British 12,000 lb. bombs com- 
monly known as triple block busters. 

High Capacity. A new development in the manufacture of H. E. bombs has 
recently been highly publicized. These are the large bombs which the British call 
High Capacity. Their weight is usually measured in tons rather than pounds since 
they come in two, four, and six ton sizes. Their principle characteristics are a lack 
of ballistic design and a very high charge/weight ratio. The latter point is the 
cause of the former since the terrific blast of the detonation of these bombs makes 
it unnecessary to design them for pin-point accuracy. In other words, these bombs 
are not streamlined in the slightest degree, but, rather, have the appearance of a 
huge water boiler with a square bomb tail on one end. 

General Purpose. These bombs, frequently called demolition bombs, are used 
for area pattern bombing and are intended to do damage more by means of the 
blast they create than by striking any specific target. As a consequence their cases 
are usually straight sided and their charge/weight ratio is high (from 45 to 70 
per cent). The bomb, of course, has a thin case (from % to Vz inch thick) which 
breaks into small fragments roughly at 45 degree angles along the edges. These 
bombs have fine blast effect and good earth shock if they penetrate the ground 
before exploding. 

Semi-Armor Piercing. Bombs of this type are a sort of compromise between 
General Purpose and Armor Piercing Bombs. They are used against specific tar- 
gets of large size. Their cases are usually slightly streamlined and their 
charge/ weight ratio is moderate (from 25 to 45 per cent). The case of this type 
bomb is generally a one piece forging, often turned on a lathe and having a thick- 
ness from one-half to one inch. Fragmentation of semi-armor piercing bombs is 
relatively good with small fragments broken at 45 degree angles. 

Armor Piercing. For attacking specific small targets such as ships, docks, and 
submarine pens, armor piercing bombs are used. The streamlined case aids in 
directing the bomb accurately while its thick case (1 to 2 inches) holds it to- 
gether until it has penetrated to the inside of the target where its delay fuze 
causes it to detonate. The charge/weight ratio is, of necessity, low (from 4 to 25 
per cent) and as a consequence the blast effect is poor. This is of small consequence, 
however, since the detonation takes place in a confined area where the low blast 
is magnified by the condition of confinement. This is the type of bomb which is 
often propelled by rocket or jet propulsion and, sometimes, directed by radio. 

Anti-Personnel. Frequently called fragmentation bombs, these missiles are 
used to cause casualties among personnel or often to damage light material such 
as airplanes. They weigh from one to several hundred pounds and have a low 
charge/weight ratio. Their fragmentation is very good usually due to special 
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case design, although some very find fragmentation bombs' have cases which att> 
merely castings, ' Other types at cage design mcJucte* the compressed helical spring 
used tor some Italian and Ame'tic&t) types, concrefe with imbedded fragments- us 
found in German: and Italian typ^ei and specially grooved ot .sfii’rated cases sinib 
lar to the. standard .American hand grenade. 

AritirSuhmarime, This missile is actually an. aortal depth bomb ami ts designs 
to: spring the plates of a subnidrint' -by the concussion of its Under wnteo detona- 
tion. It needs .no stream Jtnmg and so has straight sides and blunt nose with a tai;- 
ease and very high charge/ weight ratio. The fuse may Lx an impact jtn: hydro 
static type. 

'Navy Mines, f all into ttiree categories. CuHhrct mhu-r .-e- moored and 'must 
be struck by a ship if they an; to fire. Co-1 idlvA nh.iu?:; are not aerial: missiles set 
all, but are fired, by moans of a switchxan shc'rc. /x/iueiire n>imrs ftr<: when a shiji 
passes Cither due to jtg magnetic field or due to the sound ui it;/ engines. In- 
fluence (nines are usually dropped by parachute. They have., very light e.u:. - 
made of. some -noth magnetic metal; usually aluminum-, Thmw mines, there fort:, 
have high char go/ weigh r ratios and high blest effect if <1 tupped tm the ground 
They may have -.impact -fus.e.s m case they land in nryas otbeditfein water. The 
Navy mine disposal 'units cue charged .with'/disposaS of These weapons and, ;h?i<..v 
they utihzO&Wge numberotvety tricky tnecIVamsms no Afiny jfei'sohbeJ, ib* 
eluding bomb disposal, dhny id -honcho or 'app ivyoh cue); Ihfskiihk, If 
■sanee must be pefforuicd,. It should be done y/ithout noisfe and Without ap.- 
m.i_uot'iic metal' on the person of the: iecorrnaissam*;: agent. • 



Figute j: German Parachute Mine 



Chemical Bombs: Sehbfid -to high explosive S^hiTi'be in nhpoftanee, are chenricjif 
bombs, fidt be<:Adsb Uhytitie hits li'sed ga§ bohibS:,sd fat in this wifi but because tty 

Chemical, bombs ioctude incendiarv 



eemliartes; tall ifrxdev t,h.i* <di<»ifutation 
smoke, and go's bombs %" 

facendiaries can '■ Bey^j^ixied'/into three 
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case, combustible: fillet and ioctMidiai'y, and 

cash type is one with a case rnadp of some' material, such as magnesium, which 
will Uurn'if sufficient heat ?S. applied to. it,;, These bombs have a small printer 
ignited by' a fu;m. Tiie tinnier ignites, u fiiUiv which develops enough beat tv 
cause* live case itself Vo burn. 'A typical. Ulk-v Would bo thermit The combustibs 
ftliei' typo incbbdjaiy may bo/one/with u thin case filled with some combustible, 
Material' which j s ignited and scattered by a bursihig charge, or' this type may 
have m strung case for penetration: . To i.'n, loiter instance, when the bomb c-v- 
clodex the main filling is cither ejected through the base of the- bomb, or bJcsv.-« 
out by rupture of/t'he ease. Bum bs> oft . those -type#; might contain gasoliiuk, phhrAth 
earn jelly,' phosphorous impregnated pellets, tlieimit pellets, etc;; ;•!*, , * ‘ 

The last type of incendiary is one with a scattering charge which is large enough 
to mak? apphoaeh to /thp bomb dangerous ■afid, so gives-- the. fii-e a vgobd .$atbt,: or out; 
•With .^a^afttt-pefiwnnet -bomb' atttacjb^id to the incendiary proper V'- ; ;., 
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Incendiaries may weigh anything from one pound up to five hundred pounds 
or more. The smaller types are dangerous because the great numbers in which 
they are dropped make the firefighting problem of a city a very difficult one. Al- 
though it has been estimated that eighty per cent of the small incendiaries will 
land in streets and parks, and only half of the rest will start fires, an idea of 
the problem can be gained by recalling that a single plane can carry from one to 
two thousand of this type of bomb and can drop them over an area of, roughly, 
three miles by one quarter mile. Since ten per cent of the bombs dropped will 
start fires, we can picture one plane causing from one to two hundred house fires 
in that area. Multiply that plane by ten and we have from one to two thousand 
fires. Then remember that a large city even with help from its neighbors is not 
normally equipped to handle more than fifty fires simultaneously, if that many. 
To this problem add the water mains broken by the high explosive bombs from 
an additional forty bombers and you have some idea of the near impossibility of 
coping with a fifty plane air raid using small incendiaries. 

Smoke. Bombs of this class are either an adaptation of the combustible filler 
type incendiary or a specially designed bomb. In either case, they are thin- 
walled and filled with some chemical designed to produce a heavy smoke. 

Gas. Bombs for dropping gas are, like smoke bombs, either adaptations of 
combustible filler incendiaries or specially designed. Among the latter we find 
very thin-walled bombs containing persistent gases and requiring no bursting 
charge. Among the former type are the bombs used to spread non-persistent 
gases. 

Pyrotechnics. These bombs include the signals and the flares and flash bombs 
used for night reconnaissance. 

Parachute Flares have aerial burst fuzes which cause the flare container to 
open in mid-air or to kick out the parachute from which is suspended a candle 
or group of candles. The latter are ignited either by their own fuze or by the 
same fuze which opened the container. The burning candles then float slowly 
earthward lighting up a large area for an extended period of time. Unexploded 
flare bombs can be dangerous to personnel. Untrained troops should not touch 
either the flare, its container, or the parachute. 

Photoflash bombs are used for night photography. They look very often like 
other bombs or like containers. They use no parachute and make only an in- 
stantaneous flash. These bombs, too, are dangerous if found unexploded since 
they develop a tremendous amount of heat. 

Signals. Are usually float type flares which are used to mark the position of 
airmen forced down at sea. They burn for a long time with a bright flame. 

Containers. After an air raid, the area under attack is usually littered with 
containers of many varieties. Some look much like bombs, while others may have 
characteristics of their own. The important thing to remember about them is that 
many of them contain burster charges which can easily kill a man and conse- 
quently they are not to be tampered with. Certain types of gasoline and other 
tanks are, of course, wholly harmless. A reconnaissance agent will order them 
to be removed directly. Others, such as the containers for small anti-personnel 
bombs, incendiaries, etc., he will order to be placed under guard until bomb 
disposal personnel can be brought. 

Introduction to Fuzes 

A fuze is a device which initiates the explosive train which, in turn, causes the 
main explosive content of the bomb to detonate. It should not surprise the Ord- 
nance soldier to learn that quite complicated mechanisms are often employed for 
this purpose, but there are a great many people (including some service per- 
sonnel) who are under the impression that a bomb explodes in much the same 
fashion as a paper bag full of water when dropped from a third floor window 
>nto a straw hat. Actually, of course, the main explosive charge in a bomb is 
too insensitive to fire merely due to the shock of impact with the ground. If 
this were not the case, it would be impossible for a plane to jettison its load over 
friendly territory when necessary. The main charge of a bomb must be set off 
by a much smaller quantity of somewhat more sensitive explosive known as the 
booster. The latter, in turn is fired by a smaller charge known as the detonator 
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Fuze Functioning 

which is ignited by the primer, a very small quantity of highly sensitive explosive. 
The entire chain of events is known as the explosive train and can be visualized 
by means of an analogy. To light a piece of coal, we do not apply a match 
directly, but rather use a chain, similar to the one above, in which the match is 
the primer, the paper is the detonator, the kindling wood is the booster and, 
finally, the coal is the main charge. In this latter case, the person who strikes the 
match is performing the function of the bomb’s fuze. The primer may or may not 
be an integral part of the fuze. If it is not, the fuze is often called a pistol to 
distinguish it from other fuzes which actually contain the explosive primer. 

Fuze Types by Functioning 

Fuzes may be classified in several ways such as the means employed to fire 
them and the purpose for which they are employed. By means of firing, they break 
down in to four classes: mechanical, electric, chemical, and clockwork. Actually, 
of course, a clockwise fuze is a mechanical device, but there is such a large number 
of clockwork fuzes and they are so specialized that it is considered advisable 
here to make a separate classification. 

Mechanical Fuzes function either by direct action, by means of a cocked striker, 
or due to inertia. The direct action fuze consists of a striker usually held away 
from the primer cap by means of a shear pin and having some form of external 
projection which will, upon impact with the target, drive the striker inward, 
shearing the shear pin, and causing the striker to hit the primer. This type fuze 
is always a nose fuze since it must make direct contact with the target. 

The cocked-striker type fuze depends on some action, such as inertia, to free 
a spring-loaded striker and allow the spring to drive the striker into the primer. 
A case similar to this is the way by which pressing a trigger frees the striker in a 
pistol or rifle. If a cocked rifle were dropped and the jar of hitting the ground 
caused it to fire, we would have a functioning almost identical with the type of 
bomb fuze we have been discussing. 

Inertia type fuzes usually depend on a striker which, when the fuze is armed, is 
held away from the primer only by a small spring. Upon impact with the target 
the striker’s weight overcomes the resistance of the spring and the striker moves 
so as to hit the primer. 

Electric Fuzes depend upon the heating of a fine wire to ignite the primer in- 
stead of upon the action of a striker. There are several sources from which the 
current may originate, namely a battery, a condenser, or a generator. In the case 
of battery and condenser type fuzes, there must be some sort of switch in the 
circuit designed to close at the proper time and so permit passage of current 
through the wire which is known as the firing bridge. The most common switches 
are: (1) a coiled spring suspended inside a metal ring; (2) a metal ball on a 
piece of wire also hung inside a metal ring so that vibration will cause the ball 
to touch the ring; (3) a little mercury in a non-conducting tube with two electric 
contacts so that movement of the tube will cause the mercury to bridge the con- 
tacts; (4) some sort of direct action switch closed either by inertia, by the move- 
ment of a rod which extends out of the bomb itself, or by direct contact with the 
ground obtained by placing the switch outside of the bomb and connecting it to 
the fuze by cables. Battery type fuzes, of course, contain their own charges. Con- 
denser type receive their charges from batteries in the plane. Arming time lag 
is obtained in this type fuze by passage of the current from one condenser through 
a resistance to a second condenser. Generator type fuzes obtain their current 
either by rotation of vanes or by induction caused by passage of a magnetic bar 
through a coil. 

Chemical Fuzes are designed to fire at some more or less predetermined time 
after release from the plane. In general they depend upon the release of a 
chemical which eats upon some type of material which is used to restrain a 
cocked striker. When the material is sufficiently softened by the chemical action 
the striker is freed and its spring forces it into the primer. 

Clockwork Fuzes are essentially alarm clocks in which a cocked striker is 
freed instead of the hammer which rings the alarm. They vary in their time 
intervals from a matter of seconds (for use with flares, containers, etc.) tc 
several days. These fuzes are very tricky to handle, at times, since the clod; 
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ly stop and, upon being disturbed, may start again and run out their time 
thout further failure. 



Fuze Types by Purpose 

[f fuzes are to be classified by purpose rather than by method of functioning, 
; can say that there are impact fuzes, aerial burst types, proximity, hydrostatic, 
d protective fuzes. 

[mpact Fuzes. It is possible to break this type of fuze down into four classifi- 
:ions dependent upon the time at which the fuze fires, i.e., instantaneous, short 
Lay, long delay, and time delay fuzes. Before considering each of these in 
tail, let us consider the requirements of a good impact fuze regardless of its 
lay time. Firstly, this type fuze, as with any fuze, in fact, must be safe to 
rry. Without this feature a fuze would be apt to cause more casualties among 
2 side using it than among the enemy. Safety features for this purpose will 
ry from simple safety pins, which keep the striker away from the primer, to 
iborate collar devices, or they may consist of simply not having any explosive 
iterial in the fuze at all as previously mentioned for pistols. A second feature 
a good impact fuze would be possibility of jettisoning, that is, the fuze must 
so built that the bombardier can, if necessary, drop the bomb without permitting 
e fuze to function. It is often necessary to unload bombs over friendly terri- 
ry, and in such cases we must have a means for keeping the fuze from function- 
g. This might be simply a method for preventing withdrawal of the safety 
vice at the time the bomb is dropped. In mechanical fuzes this is the generally 
cepted method for jettisoning. In electric fuzes of the condenser type, a 
arge is not introduced into the fuze at the moment of release, as it would 
under normal conditions. A third feature of a good impact fuze is the 
ming time lag. Every fuze is unarmed before it is dropped. If it were not, 
would not be safe to carry since any untoward jar might cause it to function, 
le method of arming it (analogous to cocking a rifle) must be such that the 
ze is not armed while still in or close to the plane. There must be a time lag 
fore it arms so that any bump against the bomb bay doors will not cause it to 
e, and also so that it will not explode if dropped from the plane on the takeoff, 
while the plane is flying at too low an altitude. The arming time lag, then, 
otects the plane from its own bombs. It is achieved by various methods 

pendent upon the type of fuze and the type of bomb in use. In some cases, 
r instance, it might be nothing more than a spring-loaded safetybolt which is 
Id in place by a small cotter pin. The cotter pin is withdrawn by means of 

long wire (the arming wire) fastened to the plane itself. When the bomb 

Lis to the end of the arming wire, the cotter pin is withdrawn from the fuze 
d the spring throws the safety bolt out, arming the fuze. It might be, as is 
ry common, propeller blades which rotate and unscrew a locking bolt or some 
her device from the striker thus allowing it to function. This method of 

Gaining arming time lag can vary from vanes which need to rotate only half 
dozen or so times as with certain British fuzes, to those, like some of our 
/n, which must rotate five hundred or more times. In electric fuzes of the 
ndenser type the lag is obtained by means of resistances inserted between con- 
nsers. We have already mentioned that impact fuzes may be built to give 
layed action bursts. A good thing for an impact fuze to have, then, would be 
me method for making a choice between two or more delays. This point would 
especially advantageous if the choice could be made at the moment the bomb 
dropped since it would give the bomber a choice between high and low 
/el bombing after he was out on the mission whereas such choice having to 
made before the fuze is placed in the bomb limits the bomber to one course 
action. For instance, a bomb with a fuze having a ten second delay can be 
opped from much lower altitude than one with a 0.1 second delay, since the 
rmer would give the plane plenty of time to get out of range before the 
tonation. The 10 second fuze, of course, would have to have a much shorter 
ming time lag than the high altitude fuze, since the first would be in the air 
much less time than the second. Other qualifications of a good impact fuze 
e those which might be applied to any Ordnance materiel, which is to say, 
should be reliable, of simple design, economical to manufacture, and lastly 
must be storageable. 
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Fuze Purpose 



Instantaneous fuzes are impact fuzes which fire the moment the bomb hits any 
material resistance to its flight. The primer in such a fuz£ flashes directly 
into the detonator. These fuzes are used for high altitude bombing where blast 
or fragmentation is desired. 

Short delay fuzes are used to allow time for the bomb to penetrate a target 
before detonating. They are most commonly used with armor piercing or semi- 
armor piercing bombs and have delays of, say .01 to several tenths of a second. 
The delay is generally achieved by means of a powder train which is ignited 
by the primer and which in turn ignites a flash pellet which fires the detonator. 

Long delay fuzes are for the purpose of allowing the dropping plane to get clear 
before the explosion. They are generally used in low altitude bombing and their 
delays may range from several seconds to a matter of minutes. 

Time delay fuzes are used for the value of the delay before explosion; that is, 
for the damage to the enemy's morale, for the interruption of his production 
and other activity, and to make him afraid to approach any 'dud’ bomb which 
might be dropped. These fuzes cause delays from five minutes to more than 
one hundred hours. 

Aerial Burst Fuzes. In order to open containers in midair, or to fire photo- 
flash bombs, parachute flares, and similar missiles, aerial burst fuzes are used. 
They may function by means of clocks, powder trains, electrical generators, or 
direct action of some sort. The delays which are used vary with the altitude 
at which the burst is desired. 

Proximity Fuzes. These are intended to give a burst just prior to the moment 
at which the bomb strikes the ground. Many attempts have been made to 
achieve a good proximity fuze, but the best method so far of achieving the same 
result has been in the use of a super quick impact fuze with some sort of 
rod sticking out of the nose of the bomb to transmit jar to the fuze before the 
bomb itself actually strikes the ground. The most successful proximity fuzes 
as such have been barometric types. The Germans attempted a fuze early in 
the war which depended upon air pressure in a tube, but it was later modified 
to include a rod running through the tube and sticking out the forward part of 
the bomb. A good proximity fuze would be of great value in attacks against 
troops and light ground installation because it would give the maximum blast 
and fragmentation of which the bomb is capable. 

Hydrostatic Fuzes. Depth bombs and similar missiles use fuzes which fire 
underwater. To achieve this result, a fuze must function either on impact with 
the water with a short or long delay, or it must fire due to the water pressure 
itself after the bomb has penetrated. The latter is the more satisfactory since 
a hydrostatic fuze can be designed to give a burst at some definite depth. 

Protective Fuzes. There are three types of protective fuzes. First, the 'anti- 
withdrawal fuze’ is used to protect time delay fuzes and prevent the enemy from 
pulling them out of the bomb before they have a chance to fire. Before the use 
of anti-withdrawal fuzes, it was standard practice to simply pull out the time 
fuze and remove its detonator. Now that is no longer possible. This effect is 
achieved in several ways. Either some device is placed in the fuze pocket back 
of the fuze to make any withdrawal of the latter fire the bomb; or such device 
might be built directly into the fuze itself; or, as is the case with the Japanese, 
some sort of locking device can be built into the fuze or fuze pocket so that the 
fuze simply cannot be withdrawn although any attempt to do so need not 
detonate the bomb. Once it was impossible to withdraw a fuze, it become neces- 
sary to devise some means for preventing bomb disposal personnel from working 
on fuzes while they were still in the bomb. This was achieved by means of the 
anti-disturbance fuze, which is a device designed not to arm itself until some 
time after the bomb has hit the ground and come to rest. Once it is armed, 
however, it is far more sensitive than the normal impact fuze, and any attempt 
to move the bomb or any jarring of the bomb is quite likely to fire this fuze. 
The third protective fuze is the self-destroying fuze, a device meant to keep 
the enemy from learning certain features of construction in bombs or fuzes, 
For instance, radio-guided glider bombs have self-destroying fuzes in their radio 
sets to keep the enemy from learning the wave length at which the bomb is 
guided. These may be simple impact fuzes with small explosive charges, or 
they may be elaborate time fuzes of various types. 
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For the purpose of uniformity among the Allies in identification of fuzes and 
as an aid in co-ordinating reports on new fuzes recovered, a system of designa- 
tion has been used which is different from the Japanese designation. Mechanical 
impact nose fuzes are designated as A type; mechanical impact tail fuzes as B 
type; time fuzes as C type; and aerial burst fuzes as D type. 

Let us, then, proceed to an examination in greater detail of the subject matter 
which bomb disposal involves, always remembering that a great deal of classi- 
fied material has been omitted and that the reader, consequently, should not 
consider himself qualified to handle ‘hot’ bombs and fuzes simply by reason 
of having studied this text. 

GERMAN BOMBS 

German objects dropped from planes may be classified according to their con- 
struction and use as follows: 

High Explosive Bombs Pyrotechnics 

Chemical Bombs Containers 

High Explosive Bombs 

High Explosive Bombs have steel bodies filled with explosive substances, and 
are grouped according to use and construction as follows: 

Demolition Bombs; 

Anti-Personnel Bombs; 

Navy Mines, (Not generally within the scope of Army bomb disposal activity, 
and therefore not discussed in the text). 

Demolition Bombs, generally referred to as HE bombs, vary in size from 50 Kg. 
to 2,500 Kg. (1 kilogram being 2.2 lbs.), and are used primarily to destroy installa- 
tions. This group of bombs may readily be identified by having a cone and four 
fins to form the tail assembly. This tail assembly is attached to the base of 
the bomb body by means of screws. German demolition bombs differ from 
those of other nations in that they use an electrical fuze which is located in a 
traverse fuze pocket. This fuze pocket is a metal cylinder which extends through 
the diameter of the bomb body near its center. There may be one or two of 
these fuze -pockets in the bomb. The body and tail of the bomb may be dark 
green, sky blue, black, aluminum, or olive drab in color. Demolition bombs are 
suspended horizontally in the plane by means of a single eye bolt in the case 
of small bombs and by a single *H’ type suspension lug for large bombs. The 
bomb has a filler cap or plug at the base of the bomb body to confine the 
explosive filler. Demolition bombs are manufactured in five types to be most 
effective against different types of targets. 

They are: 

Spreng Bombe Cylindrisch; Panzer Cylindrisch Rakete Satz; 

Spreng Bombe Dickwandig; Radio Controlled Bombs. 

Panzer Bombe Cylindrisch; 

The Spreng Bombe Cylindrisch (explosive bomb thin walled), having a wall 
1 4 w to thick and a high charge weight ratio, comparable to that of U.S.G.P. 
bombs, produces a powerful blast effect and is effective against light construction. 
The S.C. bombs are produced in the following sizes; 50 Kg., 250 Kg., 500 Kg., 
1.000 Kg., 1,800 Kg., 2,500 Kg. These bombs are recognized by having a tail cone 
and fins of sheet steel with a yellow stripe on the cone between each of the fins. 
They usually have a body of three pieces, the heavy nose and base being welded 
circumferentially to parallel side walls. The S.C. 250 Kg., S.C. 500 Kg., and 
S.C. 2,500 Kg. are the only German bombs having two fuze pockets and therefore 
the bombs generally fuze with long delay and anti-handling fuzes. 

The Spreng Bombe Dickwandig (explosive bomb thick walled), having a wall 
to \Vz" thick and a charge weight ratio comparable to that of U.S. semi- 
armor piercing bombs, is able to penetrate buildings of ordinary construction 
without breaking up. Due to the thick case which breaks up into good sized 
fragments, the small S.D. bombs have excellent effect against personnel. The 
large S.D. bombs, equipped with short delay fuzes, are effective against lightly 
armored installations and vehicles. The S.D. bombs are manufactured in the 
following sizes; 50 Kg., 250 Kg., 500 Kg., 1,700 Kg. These bombs are recognized 
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try having a tail cone and fins of sheet steel with a red yinpe on the cone beiwssr 
■ v'/-. of the fins. The S.D. 1,700 Kg. has a blue stripe on a yellow stripe, • 
of one-piece case or forged steel construction. S.D, "bombs have only' one futl 
p^xrkei. 

The Panzer Bombe CylittdriJcR (armor flfc- 

%! 2', a heavy nos*, and a -low charge weight, ratio comparable us that -of t:> 
V,$A&boi mb and being of one piece cast, or forge steel; consmiction. is afe 
K* :peheu : iLte- an armored target without breaking up. When equipped with e 
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ftftire 4 ?5# its. Genjum OwnoUtton Bomb. Spreng Boin.be CyilnSrlsch 

instaUations. P.C. bombs are manufactured in the following sizes; 500 Kg., ’ 
Kg., 1400 Kg, The bombs are recognized by having a tail cone and fins of !■?' 
magnesium alloy, with a blue stripe on the cone between each of the fins. T v 
bombft have'tmiy one fuze pochdh %-t 

Tin* type of tail assembly used bn S.Cl S.D., . and P.C. bombs, in addiiveii v 
givifig the type .of brvmb, also indicates the size of the. bomb. The 50 Kg. boir^ 
Have no. supports "between the fins. The 250 Kg and some 500 Kg. bdmbS hr/ 
box-type struts, surv.-f vods extending at right angles from' each fin add 
to ca -; u pp. The remaining 500 Kg. bombs and all , larger bombs have ring tjf* 
struts, a 'band, apprdximaieiy 6". wide surrounding- the four fins and welded h- 
■cast witfi the tins. , - 

Attachments; found, on S.C., S.D., and P.C, bombs include; 

The Koptring; The Dinort Kod, 

•V-.V The StHbo;-:’ : 1. • • 

. 

The Kdrenwc. is a steel ring triangular in cross section which fits around tt- 
nose of the. bomb tu present a {Tat surface "A&” to 2* ■****« rpu “ ^ 



of the bomb tu present a {Tat surface J A” to 2" wide. The purpose of IT 
Kopfrihg is tq increase impsict end therefore to reduce the penetration of; ii* 
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Figure 5- German Bombs, General Purpose. 
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bomb prior to detonation. The Kopfring may be welded to large bombs or 
attached to small bombs by a bracket bolted to the nose of the bomb. 

The Stabo is a steel spike 1%" to 3" in diameter, 18^" to 27%" long, pointed at 
one end with a female thread at the other. The bomb must have a short adapter 
with male threads and welded on the nose to receive the Stabo. The Stabo 
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Figure 6a. Radio Controlled, Jet Propelled, Glider Bomb HS 293. 



prevents the bomb from ricochetting when dropped from low altitude. The Stabo 
is generally used with the S.C. 250 Kg. and S.C. 500 Kg. which have two fuze 
pockets and the S.D. 70 Kg. which has the threaded nose adapter case as part 
of the bomb body. 

The Dinort Rod is a C.I. pipe 3" in diameter and 14 %" to 23 W long with a 
plate to 12^" in diameter at one end, and a cup at the other end that fits 
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over the nose of the bomb; in the center of the cup there is a male threaded 
rod %* in diameter. The Dinort Rod is attached by screwing the rod into the 
opening in the nose of the bomb. The purpose of the Dinort Rod is to cause the 
bomb to detonate above the surface of the target to attain maximum fragmenta- 
tion damage. It is generally used on the S.D. 50 Kg., S.D. 70 Kg., S.D. 2550 Kg., 
and S.D. 500 Kg. bombs. 

Panzersprengbombe Cylindrisch Rakaten Satze (armor piercing rocket bombs) 
are constructed in four sections; a one piece steel body containing the explosive, 
a steel ring spacer containing the charging head for the electric fuze, a steel 
cylinder containing the rocket material, and the tail assembly. The tail assembly 
is a magnesium alloy drum with 12 fins, 4 of which are wider than the remaining 
eight. In the drum are the tubes through which the gases from the burning 
rocket material escape in producing the force which drives the bomb forward. 
These bombs are used primarily against shipping as they develop a velocity great 
enough to penetrate armor even when dropped from low altitude. These bombs 
are manufactured in three sizes; 500 Kg., 1,000 Kg., 1,800 Kg. The color of 
these bombs is light blue with four dark blue stripes on the tail drum. 

Radio Controlled Bombs of two types have been used by the Germans, including: 
the H.S. 293 and the FX 1,400. 

The H.S. 293 is an armor piercing bomb weighing 900 Kg. with a tail assembly 
similar to a plane and wings attached to the bomb body. This bomb is jet 
propelled for 6 seconds after released to give a high initial velocity. Between 
the bomb body and the tail assembly is located the radio compartment. The 
direction of the bomb is controlled by radio from the control plane. The overall 
length of this bomb is 10' 5", the span of the wings 10' 2", the span of the tail 
is 3' 8". 

The FX 1,400 consists of a 1,400 Kg. armor piercing bomb with wings and 
tail similar to the H.S. 293. The flight of this bomb is also controlled by radio. 
The overall length is 10' 10*. The wing span 4' 10". The span of the tail is 4'. 
This bomb has 8 flares in the tail which while burning give light and smoke by 
which the flight can be followed by the control ship. 

The following charts give the main features of the principal German Demoli- 
tion Bombs: 

GERMAN BOMBS 
GENERAL PURPOSE 
SPRENGBOMBE CYLINDRISCH 
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•femmes &8 Q.Q. 1,Q0Q Kg. apd &0. 1,800 respectively with special heavier explosive filling. 
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GERMAN BOMBS 
SEMI-ARMOR PIERCING 
SPRENGBOMBE DICKWANDIG 
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grams 


Overall length 
Body and tail 
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ARMOR PIERCING 
PANZERBOMBE CYLINDRISCH 
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ROCKET BOMBS 
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Anti-Personnel Bombs in general are smaller than demoliition bombs and have 
thick steel cases to achieve maximum fragmentation against personnel. They are 
often referred to as S.D. Bombs (Thick Walled) and have red stripes on the tail 
cone. The anti-personnel bombs are listed by weight and type case as follows: 

SD 1 Kg. 

SD 2 Kg. 

SC 10 Kg. 

SD 10/A Kg. 

SBe C 50 
SBe C 250 

The SD 1 Kg. bomb is a converted 50mm mortar projectile being 6%" long 
and 50mm in diameter. Its color is dark green or yellow. It has a tail consisting 
of a W pipe, with 6 fins and a ring type fin support. The bomb has a special 
mechanical nose fuze, the AZ (73), which is always armed. The fuze which 
extends from the nose of the bomb is prevented from firing prior to impact bv 
the bomb being carried in containers with the fuze of one bomb extending into 
the tail pipe of the preceding bomb. 

The SD 2 Kg. bomb is called the ‘Butterfly Bomb’ due to its appearance — -which 
is not at all like that of a butterfly (Figure 7). The body is a cast steel cylinder 
3" by 3.1" with an opening in the side for the fuze. The fuze, being mechanical, 
has an arming spindle to which a 6" arming cable is attached. The arming cable 
passes through a bar to which is attached the arming vanes consisting of two 
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barrel type flaps and two circular end flaps. When the bomb is in the con- 
tainer, the barrel flap fits around the sides of the bomb and the end flap fits over 
the ends of the bomb. Upon release from the container in which the bombs are 
carried, the spring-loaded flaps fly open, slide up the arming cable and serve as 
arming vanes. Some models of this bomb have had the barrel flap removed and 
have had the end flap cut down to be triangular. The color of this bomb is 
dark green or yellow with red stripes on the end flaps. This bomb may be 
equipped with either the (41) fuze, selective impact or Aerial burst, (67) fuze, 
time delay, (5 Min. to 30 Min.), or the ‘70B anti-handling fuze’. 

The SC 10 Kg. bomb is 3Vt" in diameter and 23" long including tail and nose 
fuze. The cast steel body is %" thick. Its color is dark green or aluminum. 
The tail consists of a cone and four fins with no fin supports. This bomb uses 
the AZC 10 (h.u.t.) #3 mechanical impact nose fuze. These bombs are dropped 
in clusters of 5 or in containers holding up to 37 bombs. 

The SD 10/A bomb has the same body as the SC 10 Kg. The only difference 
being in the fuze and type of explosive filler. The SD 10A uses the Z (66) fuze 
which is armed mechanically by a rotating vane and fired by an impact-generating 
electric current which causes instantaneous detonation. The SD 10/A bomb 
has a red stripe on the tail cone similar to that on SD type demolition bombs. 

The SBe C50 is a concrete case bomb weighing approximately 35 Kg. The C50 
in the nomenclature means that the bomb takes up the same space in a plane 
as the SC 50 Kg. bomb. This is a common method used by the Germans for 
deriving nomenclature. The ‘Be’ is the abbreviation for the German word 
‘bredon’ meaning concrete. This bomb is the size of the German SC 50 Kg. bomb 
and is bright green. It has a thin steel inner case surrounded by 1%" of concrete. 
The nose is reinforced with a steel plate. This bomb has one transverse fuze 
pocket and uses a standard electric fuze. The filling of this bomb is less power- 
ful than TNT to prevent pulverizing the concrete case. 

The SBe C250 has the same construction and color as the SBe C50 and is the 
size of the SC 250 Kg. bomb and weighs approximately 150 Kg. 

Chemical Bombs 

Chemical bombs include Incendiary Bombs, Smoke Bombs, and Gas Bombs. 

Incendiary Bombs are divided into four main types: 

Combustible Case; 

Incendiary and Anti-Personnel; 

Combustible Filler — Flam; 

Combustible Filler — Brand. 

The Combustible Case Type has a cylindrical case of magnesium alloy (electron) 
which burns at 2,400°F. and a filler of thermite which burns at 4,500°F. The 
tail of these bombs consists of a cone and three fins with a brake ring type strut. 
The color of the body is aluminum and the tail dark green. 

The lKg. combustible case incendiary bomb is 2" in diameter and 14" long. 
The fuze, consisting of a simpler striker and primer in a flat nosed body, screws 
into the nose of the bomb. The fuze has a safety pin which is attached to the 
container in which the bombs are dropped. Upon release from the container the 
safety pin is pulled arming the fuze. The fuze fires an impact igniter. Tne 
thermite is fired by the igniter and in turn ignites the magnesium case which 
burns approximately 15 min. This bomb may have a small explosive charge 
in the base which detonates about 2 min. after the case starts burning, scattering 
the burning magnesium over a wide area. 

Incendiary and Anti-Personnel Bombs. The 1.3 Kg. incendiary bomb is the same 
as the 1 Kg. with a slightly different fuze. The fuze of the 1.3 Kg. incendiary 
has no safety pin and has an explosive charge in it which detonates from heat 
of the burning after % to 5 min. for anti-personnel effect. 

The 2.2 Kg. incendiary bomb is 2" x 20". It has the same body as the 1 Kg. 
The fuze has been modified to take a steel cylinder containing a delay train 
to which is attached a steel cylinder containing explosive. The explosive nose 
detonates 2 to 5 min. after the case starts burning. 

The 2 Kg. incendiary is similar to the 2.2 Kg. bomb. The fuze of the 2 Kg. 
has a separator charge which blows the explosive nose several yards from the 
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incendiary part of the bomb. The explosive nose then detonates 4 to 7 minutes 
later as .v small anti-personnel bomb. 

The Com bmtibie Filler Fla-m Type Incendiary Bombs axe similar in' size orui 
shape to .certain SC type' demolition bombs.. These bombs have thin steel bodies 
pamted bjttck with two red bands, These bombs use an electric fuze located in 
a Transverse. tuze porket, The filler is oil jell. There is a burster of TN%i- 
aiuminum powder, and. eharCQbl .dn the center of the body to split the body and 
ignite and scatter the oil. 



? ' 




The C250 Flam bomb is similar in size and appearanenTo the SC 2S0 Kg. bomb, 
having the nose base welded to the body.. It has an opening ih the nose from 
which & steel tube extends to the ftize pocket i A steel, impact rod in this tube 
activates the -special -electric- fuze, A Z (2S), in the event the thin body crumbles 
oh impact. In addition -there is a dummy fuze located between the suspension 
eye bolt and the. .tail. 

The C 250B FI atn bomb is similar- in size and appearance to the C .250 Flam 
bomb, but differs in construction/ its body consists- of two thin steel plates molded, 
10 include a cone at the base, and welded longitudinally. The four tins are welded.; 
directly to the Cone part of the body. This bomb has no dummy fuze pocket, thy 
eehl fuze being at the position of the dummy of the C : 250 Flam. It hias fie 
opening in. the nose and no impact rod. ‘ 

The C 500 Flam bomb is the sise of the SC SOP Kg. bomb* its; body .is- we Idee 
]on,^%dihaliy similar to the C 230.B Flare. bomb. The burster tube. 2” m , 
diameter, located, slightly off center extends the length of the bomb arid Has s : 
filler- plug. A? the nose of the bomb, The fuze is located between the nose and 
the suspension eye bolt. 

•Tfee d&/ ; 5fl0C- -Ipiatm. bomb -3s the ;SQ&' .with', the following 

exceptions': ‘t •• '■ v - 

Fuze located between suspension eyebolt and tail; 

Burster tube is .4* in diameter and is located in. center of bomb. 

The Conihvsiibki Filler Brand Type Incendiary Bombs* The Brand C 50 and 
Brand C250 Are similar in size and construction to the SC3C* Kg. and- SC 260 Kg- 
- demolition bombs respectively. These bombs are painted dark .green with a red 
band/ around the body and a red base, Tfie fip% i* phosphorus, and 
rubber. A standard electric fuze and game are used to split the case afvd to 
ignite and scatter the incendiary filling. 

thie; speengbrand C 50 is similar In appearance to the BraM C 50/ There & 
no Fcdffet^,;/ : 1^ere is a mole plug in the nose That section of the body" fp 
tbe Vsieipi pocket contains 72 small thermit and magnesium fire pots 

The hose of this bomb contains 13 lbs. of TNT. The special gaine used with an 
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electric fuze ignites and expels the fire pot thru the base of the bomb, and after 
a 5 second delay detonates the TNT. 

Smoke Bombs. Smoke bombs generally use a mixture of chforosulphonic acid 
and sulfur trioxide to generate white smoke to cover the movement of troops 
and to prevent observation by antiaircraft gunners. “N” in the nomenclature of 
ihese bombs stands for ‘nebel’ meaning smoke. 

The NC 50 smoke bomb is similar in size and construction to the SC 50 Kg. 
bomb with the following modifications. The pocket for the electric fuze has a 
plate welded over it and there are 5 round holes in the base of the bomb and 
four triangular flaps at the apex of the tail cone to allow the smoke to escape. 
The body and tail are aluminum with a white nose and one white band around 
the body. The mechanical impact fuze AZ (46) is located on the base of the 
bomb with its arming wire extending through the tail cone. 

The NC 250 smoke bomb is similar in size and construction to the C 250 Flam 
bomb. The body is silver with a dark green tail. This bomb uses the E1AZ 
(26) fuze. 

Gas Bombs. Gas bombs have colored rings to denote the types of gas they 
contain as follows: 

White — Tear gas; 

Blue — Nose gas; 

Yellow — Blister gas; 

Green — Lung gas. 

Probable sizes of German KC Bombs are: 

KC 10 — same as SC 10 Anti-personnel bomb. 

KC 50 — same as C 50 Flam bomb. 

KC 250 — same as C 250 Flam bomb. 

KC 500 — same as C 500 Flam bomb. 

Pyrotechnics 

Pyrotechnics are bombs containing materials which burn giving off an intense 
light over a wide area and are classed as: 

Flares; 

Photoflash bombs. 

Flare. A flare consists of one or more candles attached to a parachute, both 
being carried in a case, with a fuze that functions in the air igniting the candle 
and expelling it and the parachute from the case. Due to the parachute the candle 
floats slowly to the ground lighting a wide area for several minutes. 

The Ausf. E. Flare case is a thin steel cylinder 7" in diameter and 42" long with 
a dome shaped nose and plate at the base attached by 4 aluminum shear screws. 
There are 4 two inch fins welded to the sides of the case at the base. One pair 
being 3" long, the other being 16". The case is black with ‘Ausf. E’ stenciled on a 
silver background near the nose. The fuze is a type 9 aerial burst. 

The Single Candle Flare is 3" in diameter and 19" long. Ten of these flares are 
carried in the Mark 500 Boden container. This container may also carry 9 single 
candle flares, and 6 SD 2 Kg. (butterfly) bombs. The container opening and 
releasing the flare functions the mechanism pull type igniter Z (31) which serves 
as the fuze to ignite the candle and expell the candle and parachute. 

Photoflash Bombs. The photoflash bomb, BL C50 (Blitz Licht), is similar in 
size and shape to the SC 50 Kg. demolition bomb. Its case is yellow or aluminum 
with a dark green tail. It has an aerial burst fuze type 9 which functions in the 
air, igniting and expelling the pyrotechnic filler which burns brilliantly, lighting 
an area momentarily for night photography. 

Containers 

Containers are used to drop small anti-personnel and incendiary bombs. They 
vary in size from 8"x43" to 26" x 123". These containers are equipped with aerial 
burst fuzes which open the containers in the air and allow the bombs to fall 
individually. The container is generally marked to show the quantity and type of 
bomb carried. 
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German Bomb Fuzes 

German Bomb Fuzes are numbered in such a way that the number assigned 
to a fuze is an indication of the fuze type. An understanding of this numbering 
system is essential to an understanding of German fuzes. In every case the last 
digit of the number determines the classification to which the fuze belongs. For 
instance the following fuzes are all of the same type: (25) A, (35), (55) Tp. In each 
case the last digit is 5, and we call them Series 5 Fuzes. Below is a table listing 
most of the known German fuzes according to type (Series) and bombs found in. 



Type 


Purpose 


Bombs Used In 


Examples of Fuze Numbers 


1 


Selective Mechanical Impact or 
Aerial Burst 


SD 2 (Butterfly) 
Parachute Flares 


(41) (41)A 
(31) 


2 


Unknown 






3 


Mechanical Impact 


SD 1 

Combustible case 
incendiaries 
SC 10 


(7S)A 

8312, 13A, (13) A, (63), (63)A, (63)B 
AZ CIO (hut) 3 


4 


j Special Mechanical Impact 


SO 2500 


(24)A 


5 


Electric Impact 


Any SC, SD, PC, or 
SB 1000 


(5), (15), (25), (25) A, (25)A, (25)A, 
(25)B, (25)C, (35), (45), 55, (65^, 

(55) A, (66)A/M, (56)Tp 


6 


Special Impact Fuzes 


C250 & C500 Flam 

NC250 

SD 10/A 

NC50 


(26) 

(66) 

(46) 


7 


Time Delay 


SD 2 (Butterfly) 
Any SC, SD, PC 


(67) 

(17) (17) A (17)A* (17) B (17)B* <17)b* 
(67) 


8 


Electrical Impact for 
Water Targets 


Any SC, SD, PC 

FX140O 

Hs 293 


28 (28)A (28) B a 

(28) B« (28) (B) a 

(28)B 07 (38) (38) B (38)SI 


9 


Aerial Burst 


Parachute Flares 
Flash Bombs 
Containers 

PCRS Rockets 


9 (9) (9)* (9)A 
(59) 50A (59)A . 

(59)B, (69)A, B, C, D, E 
(79)A (79)B (89) (89)B (80)C 
(49) AI, II, III 
(49)BI, II, III 
(49)CI, II, III 


0 


Protective Devices 


SD 2 

Any SC, SD. PC 


(70) B (70) A 

50, (50), 50b, Zus 40 



As can be readily seen, the number of any fuze is a good indication of the use 
to which the fuze is intended to be put. Remember, though: Do not rely on fuze 
markings too implicitly. The Germans have frequently used time delay fuzes 
without markings and anti-handling fuzes with false markings. This table and 
the rest of this chapter are given merely for the information of the Ordnance 
soldier. Leave the positive identification and handling of all bomb fuzes to Bomb 
Disposal personnel. They have the sp*ecialized knowledge and equipment necessary 
for this job. 

Classification of Fuzes 

For purposes of discussion, German fuzes are best grouped according to the 
types of missiles in which they are found, rather than according to their place in 
the fuze table given above. The following groupings have been made and each 
will be discussed in a separate section: 

1. Fuzes used in HE Bombs; 

2. Aerial Burst Fuzes; 

3. Fuzes used in Fragmentation Bombs; * 

4. Miscellaneous Special Fuzes. 

HE Bomb Fuzes are contained in a transverse fuze pocket, rather than in the 
nose or tail as is the case with bombs of other countries. The pocket or pockets 
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(some bombs have two) are located in the side of the bomb either directly in 
front of or directly behind tin the case of two packets, one is in front and one is 
behind) the suspension eyebolt or lug, ' * . , 

The fuse is held in the .pocket by two rings; first, a locating ring, the purpose 
of which is to keep the .fuze lined up properly in' the fuze pocketr second, a lock- 
ing ring which is screwed down over, the . locating’, ring to hold the fuze firmly in 
rhe bomb. Screwed into the bottom of the fuze is the gaine, a steel or bakelite 
case which contains the detonator and sub-booster (lead azide and PSTN Tcspec- 
;:vely). This is a very powerful charge and should be treated with great care 
Surrounding the gaine is a ring of picric acid, and the balance: of the fuze pocket 
is filled with pellets of the same explosive. 




Figure 10. Wiring Digram tor German Charging Bead With Electric Impact Fuze fS5>.. 



Warning. German fuzes may be equipped with anti-withdrawal devices- Under 
no circumstances remove a fuze. Leave it to Bomb Disposal personnel only. 

Fuzes used in HE bombs may be divided into three classes each of which will, 
be treated in a separate paragraph. 

1. Electric Impact; 

2, Time Delay; 
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Electric Impact Fuzes are the standard German HE bomb fuzes. The ‘5* and 
‘8* Series fuzes and the (26) all are of this type. In order to illustrate their opera- 
tion the (55) is chosen as an example, and its wiring diagram and that of the 
charging system in the plane are shown below. When the bomb is loaded into 
the plane, the charging head, which is part of the bomb rack, is snapped on to 
the fuze head. The two pins on the charging head push down the fuze plungers 
(which are insulated from the fuze case) so that the upper metal section slides 
down to the upper or charging contact, while the insulated section of the plunger 
slides opposite the lower, or arming contact. Now if the master switch is closed, 
the battery is placed in a circuit (broken by the sliding contacts) running from 
the battery to the sliding contacts, the rear pin, the rear plunger, the charging 
condenser C 2 , the fuze case, charging head, master switch, and battery. As the 
bomb is dropped, the charging head is carried with it for a short distance before 
being jerked free. As it moves downward, the sliding contacts brush past each 
other completing the charging circuit. At this instant the charging condenser C : 
is charged. After the charging head is jerked free the plungers rise to their 
original position and the fuze now arms itself. Electricity flows from C 2 through 
the resistor R* to the firing condenser F 2 , then through the bottom of the forward 
plunger and back to C 2 . F a thus is charged up and the fuze is armed, the process 
requiring about IV 2 seconds. In case the bomb strikes the ground at this point 
the trembler switch T 2 closes, discharging the F 2 through the igniter bridge 
B->. The igniter bridge is a mixture of silver powder and lead styphnate. the 
silver powder serving as a conductor and, being heated by the passage of the 
current, firing the lead styphnate, which ignites a delay element which burns for 
14 seconds before igniting the gaine. The selector switch in the plane determines 
whether the fuze is fired as instantaneous or delay. If this switch is closed, 
the battery will charge both the charging condensers Ci and C 2 on release of the 
bomb. The charging and arming of the instantaneous circuit is the same as 
for the delay. Bi, however, ignites the gaine directly. Note that either the 
delay charging condenser C 2 or both Ci and C 2 may be charged. Since the 
arming time of the delay circuit is about IV 2 seconds and that of the instan- 
taneous about 10 seconds, the reason for this is apparent. In case the fuze is 
set to fire instantaneously and is released from low altitude, it will still fire 
with a 14 second delay, since Fi will not have time to charge. This is a safety 
feature. There is another safety feature as well. In case the fuze should become 
charged before release, it cannot become armed until after release. The plungers 
are held down so that the insulated section comes opposite the lower contacts, 
breaking the arming circuits. 

Shown below are the heads of the current standard electric fuzes as they would 
appear in a bomb. The two plungers are plainly visible, surrounded by bakelite 
insulation. Note also the locating pins that maintain proper orientation of the fuze 
in the fuze pocket. This pin always points toward the nose of the bomb. Circled 
numbers indicate fuze numbers and other markings designate time and plant 
of manufacture. 

Warning. Do not push down the plungers of any fuze. Some fuzes will fire if 
this is done. 

The uses to which the fuzes are put are as follows: (See Figure 11). 

1. Standard demolition bomb fuze provides choice of instantaneous, 14 second 
delay, and two fractional second delays. Used in large bombs only. 

2. Provides choice of two fractional second delays. 

3. Standard demolition bomb fuze for bombs 500 Kg. and smaller. Provides 
choice of instantaneous or 14 second delay. Used to obtain above ground burst 
for fragmentation. Wire leads from fuze to switch at nose of bomb. Do not 
cut this wire. Bomb will explode. 

4. Used in large bombs only. Provides a fractional second delay unless bomb 
strikes a target too hard to penetrate in which case it fires instantaneously. 

5. Standard fuze for use against shipping provides choice between 5 seconds 
delay and two fractional second delays. 

6. Special fuze for use in flam bombs. Instantaneous circuit fired by a trembler 
switch or by a pressure switch activated by an impact rod running back from 
the nose of the bomb. 
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7 and 8. There are three of these: (49) A, (49)B, (49) C. They the used in the 
PCRS Rocket Bombs and provide a fractional second delay only. They are 
designated as ‘9* Series (aerial burst) fuzes because they ignite the rocket 
propelling charge just after the bomb is released, in addition to firing the 
bomb on impact. 




Figure 11. Electric Fuze Heads. 



Time Delay Fuzes: The Germans have two types of time delay fuzes, clock- 
work and chemical. Both types look like electric impact fuzes, having the same 
type of case and the same plungers in the head. 

The clockwork fuzes consist of two separate elements, an electric impact fuze 
and a clock. Both are contained in the same case. The electric impact fuze 
fires when the bomb strikes the ground and starts the clock. The clock works 
in much the same way as an alarm clock releasing a cocked firing pin at the 
expiration of its time setting.. There are two clockwork time delay fuzes 
currently in use, heads of which appear in Figure 12. 




Figure 12. Clockwork Time Delay Fuze Heads. 



Note: These fuzes are often found unmarked and it is possible that they might 
be found with false markings. They are usually accompanied by anti-withdrawal 
and anti-disturbance devices. 

The chemical delay fuze operates as follows. A cocked firing pin is held in 



Digitized by 



Google 



Original from 

UNIVERSITY OF MICHIGAN 




28 



German Fuzes 



place by a celluloid washer. At the instant of release a small explosive charge 
in the fuze is fired electrically, opening a small tank containing acetone. The 
acetone slowly dissolves the celluloid washer until the firing pin is finally 
released. At present the Germans have one fuze of this type, the head of which 
is illustrated in Figure 13. This fuze has an anti-withdrawal device incor- 
porated in it. 




Figure 13. Chemical Delay Fuze Head. 

Protective Fuzes. Anti-withdrawal fuzes are used to prevent removal of a time 
delay fuze (or any other fuze) by firing the bomb in case withdrawal is at- 
tempted. The Germans have one of this type known as the Zus 40. This fuze, 
fitted with a gaine is placed underneath the clockwork fuze, so that the gaine 
of the latter extends well below the top of the striker arm. The striker is 
held away from the primer by a small spring-loaded detent which in turn is 




Figure 14. German Anti-Withdrawal Fuze ZUS 40. 



held in place by a steel ball. On impact, the steel ball is driven out from under 
the detent by inertia so that the striker is unlocked. It is now held back only 
by the striker arm which rests against the gaine of the clockwork fuze. If the 
latter is withdrawn, its gaine clears the striker arm, so that the striker is 
driven into the primer, which sets off the flash pellet and the game. The knife 
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edges on the top of the Zus 40 dig into the sides of the fuze pocket so that it 
remains in place when the clockwork fuze is withdrawn. 

The (57) chemical delay fuze incorporates its own anti- withdrawal device. 
Anti-disturbance juzes are used for two purposes. The usual use is to prevent 
the removal of a bomb containing a time delay fuze. They can also be used alone 
as booby traps. The standard German anti-disturbance fuze (50) is illustrated 




Figure 15. German Anti-disturbance Fuze Head (50). 

below. It is fired by the slightest jar or vibration. In operation it is exactly like 
an electric impact fuze, only the trembler switches are much more sensitive. An 
extremely high resistance between the charging and firing condensers gives it an 
arming time of about five minutes. Thus it does not become armed until long 
after the bomb has struck the ground and come to rest. Although usually used 
as a protective fuze in conjunction with time delay fuzes, the (50) is sometimes 
used by itself as a booby trap. It may have false markings. This fuze will fire 
i: the charging plungers are depressed. 

Aerial Burst Fuzes are usually used in flares, photoflash bombs, and in con- 
tainers for small incendiary and anti-personnel bombs. They are also found 
occasionally in Sprengbrand HE incendiary bombs. German aerial burst fuzes 
are of three types. 

1. Electrical Delay; 

2. Pyrotechnic Delay; 

3. Clockwork Delay. 

The (9) fuze is the standard electrical aerial burst fuze. The charging condenser 
C is charged in the same way as a normal electric impact fuze. As the flare (con- 




Figure 16. Diagram of German Electrical Aerial Burst Fuze (9). 



tainer) falls, the electricity leaks into the firing condenser F. When the voltage 
in the firing condenser reaches a critical value, an arc breaks in the glow dis- 
charge tube G, so that a surge of current flows through the igniter bridge B. 
Fuzes of this type give delays of 2 to 5 seconds. 

The Germans make several fuzes of this type, differing only in the delays obtain- 
able on each fuze. They consist of two pyrotechnic delays, each of which is ignited 
by a bridge connected to one of the plungers. The selector switch in the plane, 
therefore, gives the bombardier a choice between the two settings available. There 
are several fuzes of this type, the (59)A, 59A, (59)B, (69)A,B,C,D,E, (79), (79)A. 
The most common of these are the 59 A, (59)B and (79) A, illustrated in Figure 17. 

Of all the aerial burst fuzes there are three having clockwork delays, the (89), 
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(89)B, (89)C. The (89) is no longer used, so that the (89)B and (89)C are the 
only ones in use today. These two are very common, however. In operation they 
are quite similar to the time delay clockwork fuzes, (17) A and (17)b*, except 
that the clocks are started on release from the aircraft instead of on impact. The 
possible settings, of course, are much shorter, ranging up to about 80 seconds for 
the (89)B and 160 seconds for the (89)C. Illustrated in Figure 18 is the head of 
the (89)B. That of the (89)C looks exactly the same except for the number. 




Figure 17. German Electrical Aerial Burst Fuze Heads. 



Fuzes Used in Fragmentation Bombs. German fragmentation bomb fuzes are 
not interchangeable as are most other German fuzes. Each fuze is designed to 
be used in a specific bomb, although other fuzes may be used in that bomb also. 
With one exception all of these fuzes are mechanical in operation. 




Figure 18. Clockwork Time Delay Aerial Burst Fuze Head. 



The SD 1 bomb uses the (73)B fuze, which is screwed into the nose of bomb. 
In this fuze the striker and primer are held apart by a creep spring. On impact 
the cup is forced to the rear breaking the shear wire and driving the striker rear- 
ward. At the same time inertia forces the primer to move forward, sliding within 




the aluminum housing, so that the primer is pierced by the striker. Unexploded 
bombs of this type should be handled with great care since the striker may be 
lodged in the primer and a jar may shake it loose, in which case the primer is 
very likely to fire. If the cup has not been forced in, this cannot happen. 
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There are four fuzes designed for use in the SD 2 (Butterfly) bomb: (41), (41) A, 
(67), (70)B. They are all mechanical in operation and are fastened in the side 
of the bomb. 

The (41) and (41) A fuzes are essentially the same. They have a setting switch 
on the head of the fuze with settings marked A.Z. (Impact) and ZEIT (Time). If 
set at A.Z. they fire on impact. If set at ZEIT they fire as aerial burst fuzes 2 V 2 
seconds after release from the container. Both fuzes are armed by the unscrewing 
of the arming stem to which the butterfly vanes are attached. Six revolutions 
arm the fuze. Screwing the stem back in will not disarm the fuze. If set at ZEIT, 
the fuze may be in a very sensitive condition if found as a dud. When the (41)A 
fuze is used in place of the (41), the side flaps of the bomb are eliminated and 
the end flaps are cut down to small triangles. 




Figure 20. (41 and (41)A Fuze Heads Used in S.D.2 (Butterfly Bomb). 

The (67) fuze is a clockwork time delay fuze that may be set for delays up to 
30 minutes. This fuze is armed (i.e., the clock is started) by unscrewing of the 
arming spindle the same as the (41). Screwing the spindle back in will not stop 
the clock. The switch on the head of this fuze with settings marked A.Z. and 




Figure 21. (67) Clockwork Time Delay Fuze Head. 

ZEIT is a dummy and has no function whatsoever. If found as a dud, this fuze 
may be in sensitive condition. A slight jar may start the clock and there is no 
way of telling how much time it has left to run. 

The (70)B is an anti-handling fuze. The arming is initiated by the unscrewing 
of the arming spindle as in the (41) and (67). A small clockwork mechanism is 
started, runs for about two seconds and then stops. Upon impact with the ground 
it starts again, running for about 10 seconds, at the end of which time the fuze 
is armed. The firing pin is now held by a trigger mechanism actuated by a large 
weight suspended on the end of a fine spring. Any jar or shock will cause this 
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weight to move, releasing the firing pin. As in the other butterfly bomb fuzes, 
this fuze is not disarmed by screwing the arming stem back in. This fuze must 
always be considered to be extremely sensitive. 

These butterfly bomb fuzes are all similar in that the arming is initiated by the 
unscrewing of the arming spindle. Screwing this spindle back in will not disarm 
these fuzes. If the spindle has risen so that the square shoulder is about %" about 
the fuze, it must be considered as armed, and therefore dangerous. The (41), 
(67), and (70)B are exactly the same as the U.S. M129, M130 and M131 fuzes. 

There are two of these fuzes used in SC 10 and SD 10/A bombs: the A.Z. CIO 
(h.u.t.) 3 and the Z (66). The former is used in the SC 10 and the latter in the 
SD 10/A. The two fuzes may be readily identified by their shapes (see German 
anti-personnel bombs). 




Figure 22. (70)B Anti-handling Fuze Head. 



The A.Z. CIO (h.u.t.) 3 is an ‘all-ways’ type of fuze. In this type of fuze the 
striker and primer holder are held apart by a creep spring. If the bomb lands 
on its nose the hammer drives the striker back against creep spring and inertia 
drives the primer holder forward so that the primer is pierced. If the bomb lands 




Figure 23. A. Z. CIO (h.u.t.) Fuze. 



on its side, both the striker and primer holder are thrown to the side. The cone- 
shaped ends of the chamber cam them together so that the primer is pierced. 
This type of fuze is potentially quite dangerous, since the primer may have been 
pierced by the striker and have failed to fire. A slight jar may be sufficient to 
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osen it so that the creep spring can pull the striker out, causing the primer 
fire. 

The Z(66) is an electric impact fuze mechanically armed. It is easily recog- 
zed by the die cast metal rotor with six vanes. When the bomb is dropped the 
r stream turns the rotor causing it to screw out clear of the fuze head arming 
e fuze. On impact it is forced inward, pushing a small magnet through a coil 
wire. This generates a current in the coil, which is wired to an igniter bridge 
milar to that used in electric fuzes. This fires the igniter bridge, which, in turn, 
es the gaine. This fuze, while it should be handled carefully, is not nearly so 
mgerous as the A.Z. CIO (h.u.t.) 3. 




Figure 24. Z(66) Electric Impact Fuze. 

Miscellaneous Special Fuzes. The fuzes used in combustible case incendiaries 
e all simple inertia impact fuzes located in the nose of the bomb. They consist 
a fixed firing pin and a primer holder held off the firing pin by a relatively 
ff creep spring. On impact, the primer holder is carried forward by inertia, 
ercoming the creep spring. There is little likelihood of finding these fuzes with 
- firing pin embedded in the primer since the creep spring is quite strong. 

Fuze used in the NC 50 smoke bomb is a simple inertia impact fuze located in 
? tail of the bomb. Like the incendiary bomb fuzes it is not likely to be in 
nsitive condition, although, of course, it should be handled with care. 

JAPANESE BOMBS 

Japanese Bombs are manufactured to the individual specifications of the Army 
d the Navy air forces. Consequently, there are two different series of bombs 
d fuzes which have not been standardized for common use by the two services, 
lere is, accordingly, a marked correlation between command areas and the 
entity of the bombs used. 

"hough it is difficult to make generalizations for identifying the bombs of the 
^ series, there are certain features which remain constant. Army bombs 
iploy a single hinged suspension lug which can be folded against the body 
storage or transit. The Navy uses a rigid suspension lug consisting of a 
•bolt welded on to a steel disc, which in turn is attached to the bomb by 
aiding or riveting. Usually there is only one lug, but certain bombs have two 
critical lugs mounted in diametrically opposite positions. As a rule, all types 
Navy bombs are painted gray over an undercoat of red lead. With the Army, 
e overall color varies with the type of bomb — black for high explosive, gray 
r incendiary. Both services employ additional colored bands to designate 
her features. Identification may sometimes be made from markings stamped 
to the case or into the fuze. An anchor marks almost all Navy equipment, 
lereas Army materiel may bear either a star or crossed cannons. 

Note: Army tail vanes extend from beyond the apex of the cone to within 
i inch or two of the body tail joint. Navy tail vanes do not come down to the 
>dy, but only about halfway down the tail cone. They are not rounded, but 
me to a definite point on the exterior side. 

Ord. if. Vol. in 
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Japanese Army Bombs 

High Explosive General Purpose Bombs compose a well-standardized series in 
which design and construction are quite uniform. The four sizes, 15 Kg., 30 Kg., 
50 Kg., and 100 Kg., are painted black, with a yellow band and a white band 

painted around the body. The nose may be tipped with red. The size is 

indicated by T5 K,’ ‘30 K,’ etc., stencilled in white near the nose. All are sus- 
pended horizontally and may be fuzed in the nose or tail, except the 15 Kg. 

size which is fused in the nose only and has an additional folding suspension 

lug on the tail for vertical suspension. Nose sections are made separately and 
are attached to the tubular body with a threaded joint. The body of the 15 Kg. 
bomb consists of steel rings slipped over a central tube. 

The diameters and lengths (without fuze) follow: 

15 Kg. (33 lb.) — 3V 2 inches by 25% inches; 

30 Kg. (66 lb.) — 5% inches by 33 V 2 inches; 

50 Kg. (110 lb.) — 7V 8 inches by 41 inches; 

100 Kg. (220 lb.) — 9% inches by 53 inches. 

Use of Time Fuzes in Army Bombs. The only time fuze known to be used by 
the Army is not interchangeable with the standard fuzes and requires a modified 
nose section in which it is fitted on the bombs. To date this modification has been 
found in the 50 Kg. HE and 100 Kg. HE bombs only. When modified for use 
with the time fuze, the bombs are also fitted with a tail brake to slow the 
rate of fall and prevent excessive penetration. The brake consists of a flat 
square of sheet steel with a circular section cut out of the center. It is welded 
across the after end of the tail fins. When the time fuze is used in the nose, 
normally no tail fuze will be encountered. The fuze arrangement does not effect 
the color scheme of the bombs. 







Figure 25a. Typical Japanese Army Bomb. 



1 Kg. (2.2 lb.) Smoke Bomb has been variously reported as incendiary, anti- 
personnel. and smoke bomb. It is now thought to be a smoke bomb used chiefly 
as a marker, though the clanger through incendiary action and fragmentation 
must still be recognized. 

Suspension: Singly in horizontal position. Color: Nose and tail, white or 

unpainted; mid-section, black. Over-all length: 10.5 inches. Diameter: 3 inches. 

Pamphlet Container consists of a sheet steel body (the existence of a card- 
board body has been reported also) with a cardboard tail. An aerial burst 
nose fuze causes the case to split open in mid-air and scatter the pamphlets. 

Color: Light brown. Length: 37 inches (without fuze). Diameter: 7 Vs inches. 
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50 Kg. (110 lb.) Incendiary. The nose of this bomb is of heavy construction 
and is filled with high explosive and fuzed with a simple impact fuze. The body 
and tail are of light construction and form a liquid-tight container for the 
incendiary material, which consists of many cylindrical rubber pellets impregnated 
with white phosphorus. The pellets are packed in a carbon disulfide solution. 
The phosphorus pellets ignite spontaneously when scattered and exposed to the 
air after the explosion. 

Length of bomb: 40 inches. Diameter: 7 inches. Color and markings: Gray 
overall; one yellow band and one white band around body. 

50 Kg. (110 lb.) Gas Bomb Case, Incendiary Filled is designed for use as a 
chemical gas container, has the same general construction as the incendiary 
described above. It is sometimes used as an incendiary with a filling identical to 
the above. 

Length: 45 inches. Diameter: 7.5 inches. Color and marking: (a) as an 

incendiary — gray overall, one yellow band, one white band; (b) as gas bomb — 
gray-green overall, red and blue band on nose. 

Bomb Cluster — 1/3 Kg. (% lb.) Bombs are packed 76 in a corrugated steel 
container which separates when the arming wires are drawn from the retaining 
bands as the container falls from the plane. Individual bombs consist of standard 
rifle grenade bodies to which a special tail assembly has been fitted. 

Note: The body (2) is crimped around the nose (1) and screwed to a tail 

extension (5) into which the fuze (6) is screwed. The tail assembly (3) is 
fastened to the fuze by screws. The bomb’s explosive charge is shaped to utilize 
the ‘Monroe effect’ on exploding. These bombs are very sensitive to handle 
when armed and consequently must not be touched by untrained personnel. 

Color of container: Black. Length: 41.5 inches. Diameter: 8 inches. Color of 
individual bombs: Black with yellow band. Length: 10.25 inches. Diameter: 
1.5 inches. 

Japanese Navy Bombs 

Navy 1 Kg. (2.2 lb.) High Explosive Bombs are packed 40 in a sheet steel con- 
tainer which is designed to separate in mid-air and release the cluster. Two 

groups of 20 bombs each are packed inside a 3 segmented cylinder, which is fitted 
around separate nose and tail pieces. The assembled unit is held together by 
two detachable metal binding straps. After release from the plane, and after a 
fixed delay, the nose of the container is blown off in mid-air and the binding 
straps are released. The individual bombs then fall separately, arm during de- 
scent, and explode on impact. 

Weight of assembled container and bombs: Approx. 60 Kg. (132 lb.). Color of 
container: Gray overall nose tipped with green, followed by broad brown band; 
2 half-inch white bands mark position of binding straps. Length overall: 41 inches. 
Diameter: 9 ¥2 inches. 

Note: The tubular body of the bomb itself is of seamed construction with an 
inverted cone in its nose to give the ‘Monroe effect/ A nose cap of aluminum is 
pressed into the forward end of the body. The fuze is screwed into the rear 
end of the body. 

Color of individual bombs: Unpainted steel and aluminum. Length: 17% inches. 
Diameter: 1 3 ,4 inches. 

Five-bomb container. Probable weight, 60 Kg. (132 lb.). Information is incom- 
plete on this piece of ordnance. The container is believed to carry five bombs of 
7 to 10 Kg. (15 to 20 lb.). The main body of the container consists of a split 
cylinder of sheet-steel, with a suspension lug mounted in the center of the 
upper half. 

Further details of assembly are not known, but the assembled unit is believed 
to have the same external form as a standard high explosive bomb. The two 
halves of the cylinder are held together by light rivets instead of by detachable 
binding straps as in the cluster described above. Features of construction indicate 
the use of an aerial burst fuze which initiates a bursting charge to open the case 
and disperse the individual bombs in mid-air. 

Color of container body: Gray. Length of split cylinder: 22*A inches. Diameter: 
9% to 9% inches. 
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60 Kg. (132 lb.), Type 97 is the commonest Navy bomb used. The heavy nose 
section is attached to the cylindrical body by a welded joint and a series of large 
rivets. The tail section is attached by a series of screws. The bomb is fuzed 
in the nose only. 

Color and markings: Gray overall; nose and tail tipped with green; thin red 
stripe longitudinally down the sides of the case. An additional single band, light 
blue in color, is painted around the body. Length: 40 inches. Diameter: 7% inches. 

The same bomb case is sometimes used with incendiary filling instead of high 
explosive. Different external marks will indicate this change. 

60 Kg. (132 lb.), Type 98 Bomb is somewhat larger by size and weight than 
the Type 97/ described above, but is included in the same nominal weight class. 
The most characteristic feature is the protruding central portion of the nose, 
which is unique among Army and Navy designs. Certain variations in construc- 
tion occur, but the form of the bomb is not changed. Typically the bomb has 
only a single set of struts between the tail fins. Rivets at the nose joint have 
been replaced by spot welds. 

Marking: Identical with Type 97 HE. Length: 42 inches. Diameter: 9.4 inches. 
250 Kg. (550 lb). Two models of this bomb vary somewhat in form, but not 
in use. Both are constructed of a heavy nosepiece riveted and welded to a 
cylindrical body. (Series of rivets at the nose may be replaced by large spot 
welds). Tail sections are attached by a series of screws. Unlike the smaller 
Navy bombs, the 250 Kg. size can be fuzed in nose or tail. Color and markings 
are the same as with the smaller general purpose HE bombs. 

Dimensions of early type. Length: 72 inches; diameter: 13.8 inches. Dimensions 
of lat$r type. Length, unknown; diameter: 12 inches. 

60 Kg. (132 lb.) Thermit Electron Incendiary Bomb consists of a 60 Kg. Type 
97 bomb case in which the HE filling has been replaced by four inserts of ‘electron* 
metal (magnesium alloy) filled with thermite. The struts between the tail fins 
are painted red on the incendiary model instead of green as on the HE general 
purpose bomb. 

60 Kg. (132 lb.) Thin-Cased Incendiary has the same approximate external 
form as the 60 Kg. Type 98, but the cylindrical body and tail cone are of much 
lighter-weight metaL Alternate fillings consist of solidified oil or fitted, pie-shaped, 
rubber pellets impregnated with iron and aluminum. 

Color: Gray overall; tail struts, red. Length: 41 inches. Diameter: 9% 'inches. 
32 Kg. (70 lb.) Aerial Burst Incendiary-Shrapnel Bomb. A high explosive 
charge in the tail and central tube splits the case and disperses the contained 
pellets in mid-air after a distance of fall which may be varied by setting of the 
aerial burst fuze in the tail. An impact fuze is used in the nose. Each pellet 
consists of a steel spool inside a steel sleeve. White phosphorous fills the space 
around the spool. 

The bent fins constitute an unusual feature designed to impart a rotation to the 
bomb, necessary to arm the fuze. 

Color: Gray overall; tail fins and nose tipped with silver. Length: 24% inches. 
Diameter: 5% inches. 

250 Kg. (550 lb<) Aerial Burst Incendiary-Shrapnel Bomb is fuzed nose and 
:ail, similarly to the 32 Kg., and has a bend near the ends of the fins to cause 
station. It has the same aerial action as the smaller bomb, and the incendiary- 
ihrapnel pellets are similar. 

Color: Gray overall; nose tipped with silver; tail struts, red. Length: 69 inches. 
Diameter: 12 inches. 

Bombs Designed for Penetration are designed primarily for attack against ships. 
r he nose and body are constructed as a one-piece shell in order to withstand 
mpact on hard surfaces. Four bombs compose this series. 

32 Kg. (88 lb.) Semi-Armor-Piercing Bomb, rarely found, has a one-piece 
treamlined body, and though little is known of its use, it is included here under 
he classification ‘Semi-Armor-Piercing/ because the construction most closely 
esembles this type. It is fuzed in the nose only. 

Color: Gray overall; tail struts and nose, green. Length: 32% inches. Diameter: 
% inches. 

63 Kg. (139 lb.) Semi- Armor-Piercing Bomb has a one-piece body with a male 
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base plate. The tail cone is of lighter construction than the general purpose 
bomb and is not filled. It is fuzed in the nose only. 

Color: Gray overall; tail struts and nose, green. Length: 42 V* inches. Diameter: 
8% inches. 

250 Kg. (550 lb.) Semi- Armor-Piercing Bomb is fitted with a heavy screw-in 
base plate and is fuzed both in the nose and in the base. The tail cone has three 
doors which may be opened to permit insertion of the fuze in the base plate. 

Color: Gray overall; nose, green; tail struts, green. Length: 68 inches. Diam- 
eter: HV 2 inches. 

800 Kg. (1,760 lb.) Armor-Piercing Bomb is converted from an extremely heavy- 
walled armor-piercing projectile of approximately 16-inch caliber. Indentations 
for fitting a nose cap are present on the nose, but it is thought that this fitting 
is not used when converted as a bomb. The construction of the tail is not known. 
Two fuzes are fitted side by side in the base plate. 

Color and markings: Not known. Probably the usual Navy gray, with nose and 
tail tipped in green. Length (without tail): 48.3 inches. Diameter: 16.1 inches. 

Use of Time Fuzes in Navy Bombs. The Navy employs two time fuzes, one 
nose fuze and one tail fuze, which are interchangeable with the standard fuzes 
used in the general purpose HE bombs. 

In addition to the standard general purpose bombs in which time fuzes may 
be used, one bomb is constructed for use especially as a time bomb. This is a 
60 Kg. bomb which has a steel plate welded across the tail to impede its fall 
and a heavy steel ring welded around the nose to reduce penetration. The nose 
time fuze only is used. The general construction of the body suggests that the 
time bomb is the same basic design as the Type 97 GP HE model with the 
special features added. 

Accurate dimensions are not available. 

Color and markings: Gray overall, nose and tail tipped with green; 1 one-inch 
brown band on the nose ring. 

Typical use of the time fuzes in the standard general purpose bombs would 
be as follows: 60 Kg. General Purpose, Type 97 or Type 98 — nose time fuze only. 
250 Kg. General Purpose, either old or new type, time fuze in nose or tail or both. 

In addition, the nose time fuze could be used in the 40 Kg. S.A.P., the 60 Kg. 
S.A.P., the 250 Kg. S.A.P., and in the Navy incendiaries, but such use is not 
anticipated. The tail time fuze fits only the 250 Kg. bombs mentioned. 

2 Kg. -(4.4 lb.) Sea Markers consist of nothing more than a light container filled 
with aluninum powder. They are thrown by hand from aircraft, and on impact 
with water the case breaks open and the metal powder spreads on the surface 
to form a shiny slick. They are used as navigational aids and practise targets. 
Two types are known which differ chiefly only in the material of the container. 
In one type the container is made of tin, the other is cardboard. Dimensions 
are nearly identical. 

Color: Aluminum. Length: 12 Y 4 inches. Diameter: 3 inches. 

2 Kg. (4.4 lb.) Smoke Float. This smoke generator is used as a navigational 
aid. It consists of a pyrotechnic smoke candle (black smoke) mounted inside a 
buoyant metal container. 

It is ignited by the action of a pull-igniter in the top before it is thrown 
from the plane. 

Color: White. Length: I 8 Y 2 inches. Diameter: 4% inches. 

Float Lights. 3 types of aircraft float lights have been found which vary 
in size and external form, but which are identical in operation. Sealing strips 
which are removed before the light is thrown from the plane cover holes which 
allow water to enter the metal container when it is immersed. This generates 
acetylene gas from a charge of calcium carbide and also actuates a spontaneous 
igniter. 

A fourth type of light has a pyrotechnic powder filling which is ignited spon- 
taneously on immersion. 
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31 Kg. (68 lb.) Practice Bomb. Though it has the general form and appear- 
ance of a high explosive bomb, the main filling is inert (concrete). A spotting 
charge in the base is exploded on impact by a special tail fuze. 

Coior: Not known. Length: 34.5 inches. Diameter: 7 inches. 

33 Kg. (73 lb.) Parachute Flare. A light cylindrical steel case contains the 
parachute and the flare candle. Four tail fins extend about halfway down the 
body. An aerial burst nose fuze causes the ejection of the parachute and candle 
in mid-air. The candle is ignited by the pull as the parachute opens. 

Color of container: Gray: Length: 34 inches. Diameter: 6V2 inches. 

Special Precaution. Removing the parachute from the case may pull the igniter 
cord and fire the flare. 

250 Kg. (550 lb.), With Plywood Tail Section. This bomb has a tail section 
composed of eight fins instead of the usual four. The forward portion of each 
fin is made of sheet-steel and is welded directly to the tail cone. These steel 
fin stubs do not extend past the end of the tail cone. The after portion of the 
tail consists of eight plywood fins mounted radially on a central tube. This 
section is bolted on to the steel fin stubs to complete the full tail assembly. The 
bomb is thought to be a general purpose HE bomb. 

Color: Gray overall; nose tipped with green. Overall length: 70 inches. 
Diameter of body and tail: 14 inches. 

250 Kg. (550 lb.) Approx. — Streamlined Design. This bomb has a one-piece 
forged or cast steel body which resembles British design in its stream-lined form. 

Color: Olive drab overall; nose and tail tipped in green. Length overall: 7 1 Vz 

inches. Diameter: Not known. 

600-700 Kg. (1,320-1,540 lb.) — Estimated. This bomb is probably of the gen- 
eral purpose HE type. It is the largest of this class known to be produced by 
the Japanese. The bomb body is of smooth one-piece construction, with a four- 
finned tail assembly attached by a series of countersunk screws. 

Color: Blue (gray?) overall; nose and tail tipped in green. Length overall: 
112 inches. Diameter: 17 inches. 

Japanese Bomb Fuzes 

Classification. Four general types of Japanese bomb fuzes have been recovered 
by allied forces. There are many variations among the four types. The four 
types are: 

a. Mechanical impact nose fuzes; 

b. Mechanical impact tail fuzes; 

c. Long delay or time fuzes; 

d. Aerial burst fuzes. 

Japanese fuzes are also classified as Army and Navy in the same way as Japanese 
bombs. 

Army fuzes have the following characteristics: 

1. There are holes in the arming vanes for an arming wire. 

2. Safety pins are never used. 

3. Most fuzes have a primer flash cap as part of the fuze. 

Navy fuzes are distinguished by the following facts: 

1. There are no holes in the arming vanes. 

2. Safety pins are sometimes used. 

3. The primer flash cap is seldom an integral part of the fuze. 

Both the Army and Navy use fuzes of the four types mentioned. In the 
following paragraphs we will discuss fuzes from the A, B, C, and D classification 
(See Introduction) rather than as Army and Navy fuzes, because the latter 
distinction is more of construction than of functioning. Hence, whether A type 
fuzes are mentioned, the description of the working principles involved can 
apply to either Army or Navy fuzes of Type A. 

In order to cover the subject thoroughly, but concisely and without repetition, 
we will outline the general functioning of fuzes of each of the four types and 
after each type we will describe in detail one of the most common fuzes of 
that type. If further detailed information is desired reference should be made 
to TM E9-1983, “Enemy Bombs and Fuzes/ 1 
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A Type. All A type fuzes recovered to date, except the A-5(a), operate on the 
arming principle of rotation of vanes while the bomb is descending, and func- 
tioning on impact with the target. Shear wires and/or creep springs are used in 
some fuzes as an additional safety factor. The most common example is the 
A-3 (a) . 

The A-3 (a) is a Navy mechanical impact nose fuze used in many Navy bombs 
particularly the 60 and 250 Kg. incendiary, general purpose, and semi-armor- 
piercing bombs. It is made of brass and is 5.5 inches long by 2.06 inches wide. 
The arming vanes and striker point are steel. The upper portion of the body 
contains the shaft for the sriker. A shear wire passes through the body and 
spindle. The body is threaded for the standard Navy gaine or magazine. Four 
vanes are secured by four screws to the nose cap and upper body. On release 
from the plane, the arming wire is withdrawn from the wire loops, allowing the 
nose cap to rotate, thus screwing itself up and away from the striker. When the 
body reaches the stop screw, the cap jams, and on impact, the cap and spindle 
are driven inward, and the striker pierces the gaine. The A-3 (a) fuze is likely 
to be found in the nose of the bomb with either a B-2(a) or B-3(a) in the tail. 




Figure 29. A-3(a) Japanese Navy Nose Fuze. 

In connection with A series fuzes it is of interest to note that the A-3(b), a 
fuze which functions and looks almost exactly the same as the A-3 (a), was used 
in the rubber-pellet type incendiary bomb which was dropped near Brookings, 
Oregon, in September 1942. 

B Type Fuzes arm on the same principle as A type and function on impact 
when an inertia block, containing a striker point, moves down on to the detonator. 
B fuzes used in bombs that have explosive in the tail section do not have extension 
rods to the vanes; but those fuzes that fit into the base plate of the bomb usually 
require an extension rod to the vanes, which are located in the apex of the 
tail cone. 

Typical of the B fuzes is the B-l(a) which is an Army fuze (note holes in 
arming vanes in the illustration). This mechanical impact tail fuze is found in 
30, 50, and 100 Kg. general purpose Army bombs. It is made of brass except 
that it has a steel spring and firing pin. It is 2.85 inches long without the booster 
and 1.55 inches wide. 
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The fuze body (1) houses the arming vane assembly (3) which is secured by 
a U-shaped wire (2). The striker (4) is screwed into the arming spindle (12) 
and is kept away from the primer (10) by a creep spring (8). Six spanner 

No shear wire 



holes (7) are present, along with a hole (5) for a shear wire. 
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Figure 31. B-3(a) Japanese Navy Tail Fuze. 



s fitted; however, a guide pin (6) prevents the arming spindle (12) from 
rotating with the vanes. A sleeve (13) permits the tail booster (11) to be 
connected to the body (1). Stop studs (9) are found on the vane cap and on 
;he fuze body to prevent the vanes from being screwed down too tightly. 

On release from the plane, an arming wire is withdrawn from the holes in the 
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vanes, allowing the latter to rotate and fall free. On impact, the spindle (12) is 
forced inward, against the action of the creep spring, to pierce the primer (10) 
and set off the exploder system. An interesting fuze utilizing a principle not 
found elsewhere comes under the Japanese B group. This is the B-3(a), a 
Navy mechanical impact tail fuze used with the Navy 250 Kg. general purpose 
bomb. The upper body portion (1) houses the arming vane assembly (3), con- 
sisting of the vanes, the arming spindle with the striker (4) at its lower end, 
and the two arms (8) pivoted on a steel pin (12). Six spanner holes are drilled 
in the body. Two shear wires (5) are present. A sleeve (11) keeps the arms 
(8) from moving while the fuze is unarmed. A safety pin through noie (6) 
keeps the vanes from unscrewing until the bomb is released. Another safety 
pin (9) is removed at the time the bomb is loaded in the plane. The fuze is 
threaded (10) for the standard Navy gaine. On loading in the plane, the safety 
pin (9) is removed. On release of the bomb, the safety pin (6) is withdrawn, 
the vanes unscrew, and the sleeve (11) moves upward relieving the pressure 
on the arms. On impact, inertia causes the striker (4) to move down and hit 
the gaine if the inertia is great enough to break the shear wire (5) To assist 
the shearing of this wire, the arms pivot on pin (12) and exert pressure on the 
shoulder of the striker. This action is a two-way affair. First, if the bomb 
strikes a solid target, inertia causes the outer end of the arms (8) to move 
downward. Second, if the bomb hits a soft target, or water, the penetration 
causes the outer end of the arms to move upward. In either case, the arms 
e*ert pressure on the striker shoulder and help it to function as explained above. 

Warning. After impact , any slight movement of the arms is apt to force the 
striker into the gaine and detonate the bomb. 

C Type. The three variations of the C type fuze all work on the principle 
of acetone dissolving a celluloid plug, thus releasing the spring-loaded striker 
'o fire the detonator. These fuzes have been reported to function from a few 
minutes up to 127 hours after impact; but they might function after a longer 
time, depending on the temperature, the strength of the acetone, and the thickness 
of the celluloid plug. Therefore, all precautions should be taken until at least 
144 hours after impact. All bombs that are dropped and fail to detonate upon 
impact should be considered as time fuzes and not as duds. 

The first Japanese time delay fuze of which we had any knowledge was the 
C-l(a). There are several others in use now, but since their general principles 
are similar and since the C-l(a) is still in use it will be used here for the 
typical example. The C-l(a) is a Navy chemical time delay tail fuze used 
principally in the Navy 250 Kg. general purpose bomb. It is made entirely of 
steel except for the chemical tank, which is copper. It is 6.1 inches long by 2.45 
inches in diameter. The Japanese have used a very ingenious method of pre- 
venting the withdrawal of the C-l(a) from a bomb. In the external threading 
of the fuze a slot is cut deeper at one end than at the other. Imprisoned in the 
slot is a steel ball. As the fuze is screwed into the bomb, the ball retreats, unde: 
the action of inertia, to the deep end of the slot and does not interfere with the 
insertion of the fuze. When an attempt is made to unscrew the fuze, however, 
the ball rolls to the shallow end of the slot where it jams the threading and 
very effectively prevents withdrawal of the fuze. This is usually the only fuze 
found in the bomb, a nose plug filling the cavity intended for a nose fuze. 

The outer portion of the body (1) houses the arming vane assembly (3), the 
inertia weight (11), and the inner body portion (2). Rotation of the inertia weigh: 
is prevented by a shear wire (5). At the base of the inertia weight are fastened 
four plungers (7) and a lug (13), to which is fastened a heavy spring which 
bears against the striker (4) located in the inner body portion (2). A torus- 
shaped copper tank (6) is located directly under the plungers (7). Bearing 
against the concave portion of the firing pin is a chemical composition plug (15). 
spring-loaded. On release from the plane, the arming wire (14) is withdrawn 
and the vanes unscrew and fall free, leaving the inertia weight to be held back 
by the pin (5) which is sheared on impact. The inertia weight, moving down 
after impact, is locked in the down position by the spring-loaded plunger (12). 
The acetone from the tank (6) contacts the soluble plug (15). At the momen* 
that the inertia weight (11) moved down and the plungers (7) pierced the tank. 



Digitized by Google 



Original from 

UNIVERSITY OF MICHIGAN 





hpanese Bomb Fuzes 






WCM« 4 J. 






LEGEND 



:0^rm PORTION Of SOt* 



s mm^y- i-^rr-^ 

9 ARMING WIRE HOL£ 

10 THREAC-S rOR GftlNE 

1 1 INERTIA WEK3HT 

12 SPRING LOftDEO PfJJNSER 
t3 LUG ON INERTIA WEIGHT 
(4 ARMING WIRE 



portion Of body 

VANE ASSEMBLY 



*zoj If-BX 3u«i Zt 



Digitized: by 



Goc gle 



Original from 



UNIVERSITY OF MICHIGAN 



50 



Japanese Bomb Fuzes 



the spring (8) was compressed; the striker (4) is then under pressure. When 
the plug (15) dissolves, the striker moves forward under spring pressure and 
pierces the gaine. 

D Type Fuzes work on three different principles. The rotation of the vanes 
on the D-l(a) induces a current which fires the detonator after a set atmosphenc 
pressure is built up during the descent of the bomb. The D-2(a), D-2(b), and 
D-2(c) are clockwork fuzes set to function in the air after elapse of a set time 
The D-3(a) and D-4(a) operate after the vanes rotate enough to release a spring- 
loaded striker. 

Typial of the clockwork type aerial burst Japanese tail fuzes is the D-2(a) 
which is used with the 250 Kg. incendiary. Made entirely of brass, except for 
steel studs in the body and steel studs and springs in the clock, this fuze is 5.75 
inches by 2.44 inches wide. 

The fuze body consists of a body casing (1), a clockwork retaining ring (2K 
an arming assembly (3), a clockwork mechanism (17), and a fixed sleeve (13). 
A safety pin (5) secures the arming vanes and prevents rotation until the bomb 
is released. The grub-screw (11) holds a fixed sleeve (13) in position with the 
clockwork retaining ring (2). Six spanner holes (7) are ‘found in the base of 
the ring (2). A clockwork safety pin (6) passes through an actuator (16) which 
bears against a safety plate (18) and holds the striker stop-catch (22) in place. 
The latter is U-shaped and is pivoted on a screw shown in the drawing. The 
safety pin (6) also holds a centrifugal safety catch (15) which in turn prevents 
the striker from moving down. A rotation of 1,000 rpm must be reached by this 
safety-catch (15) or the primer (10) will not be fired. The clockwork is very* 
intricate and delicate and must be carefully handled. The time is set by remov- 
ing the screw from the timesetting aperture and inserting a special tool. When 
the body portion (1) is turned to the desired setting, a grub-screw is tightened 
to hold the setting. 

Both pins (5) and (6) are withdrawn as the bomb is released. The arming 
vanes revolve, raising the safety plate (18) with the actuator (16) moving up- 
ward against it as a result of spring action. As the bomb falls it rotates due to 
the angled fins, and at 1,000 rpm, the centrifugal safety-catch (15) flies out against 
the action of its spring (14) and is completely free from the striker collar bear- 
ing against it. As the clock runs the sliding disc (21) rotates, and at the set 
time the notch in the plate will be opposite the striker stop-catch (22). The top 
of the striker is fitted with a knife-edge which bears down on the stop-catch 
Previously, the actuator had moved up, allowing the end of the stop-catch to 
enter a notch in the actuator. The striker, pulling down, forces the stop-catch 
to pivot and to enter the notch in the sliding plate, thus allowing the striker tc 
move downward and to pierce the primer (10). 

The clock in this fuze starts after 11 turns of the arming vanes. The delay 
time of the clock can be set from zero to fifty seconds. This time is set before 
leaving the ground, and the bomb must then be dropped from a specific heigh: 
above the target. The explosion usually takes place from 100 to 175 feet above 
the ground. 

Warning. Unexploded bombs may result with this fuze in a very sensitive con- 
dition. This is true of all clockwork fuzes. 

Since there are three different types of D fuzes and since three different prin- 
ciples are involved in their operation, all three will be described here. 

The D-3(a) is a Navy mechanical aerial burst nose fuze made entirely of brass 
except that it has a steel striker (4) and steel locking balls (11). Its overall 
length is 4.53 inches and its width 1.75 inches. The vanes are not shown in the 
illustration, but the ball race (5) is provided so that they will operate smoothly. 

The lock nut (12) is tightened over the vanes which rest on the ball race (5). 
On release from the aircraft, the safety wire is withdrawn from its holes (6), 
allowing the vanes to rotate, thus screwing the arming spindle (14) downward 
The arming spindle is prevented from rotating by guide pins (15). The stop stud 
(9) prevented the arming vane sleeve (3) from being tightened down too far 
during fuze assembly. As the arming spindle moves downward, the striker (4) 
and its spring (8) move also until the striker forces the balls (11) to move into 
the groove cut into the lower body, (the striker is under spring pressure). As 
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Japanese Bomb Fuze: 

the balls move outward, the striker moves downward, under spring action, and 
pierces the primer (10) to initiate the explosive train. The lock nut (7) is used 
for fastening the fuze securely into the body of the bomb. 

The D-l(a) is an electric aerial burst nose fuze used by the Army for 50 Kg 
pamphlet container bombs. It is the first fuze we have considered here which 
is of the generator type. Its color is that of lamp black, its length 7.4 inches 
its width (of body) 3.05 inches, and it is made of aluminum with brass vanes. 

The upper (1) and lower (2) body portions contain the generator and the 
aneroid pressure box. Several magnets (9) are attached to the inside portior. 
of the arming vane assembly (3) and revolve around an armature as the vane.' 
rotate during the flight of the bomb. The current from this generating systeir. 
is conducted through the plug leads (15) to the aneroid pressure box through 
two sockets (13). One wire leads to a screw (14) at the end of a lever and th; 
other is connected with a contact point (16). The dial (18) can be turned by 
hand. By this means the contact (16) is moved closer to or further from the 
screw (14). If moved closer less air pressure is required to close the contacts 
against the action of a spring (17) which bears against the lever (19). If moved 
further then a greater air pressure is required to close the contacts. 

As the bomb is released the arming wire is withdrawn from the holes in the 
vanes and the latter rotate in downward flight. A current is generated by the 
revolution of the magnets (9) around the armature (7). The current is conducted 
through one of the plug leads (15) to one of the sockets (13) to the contact (16' 
As the bomb continues to fall, the air rushes through the fuze after entering i: 
through the twelve small holes, (4) and, eventually, builds up to the point where 
the pressure box is sufficiently compressed to allow the strip (19) to recede 
slightly, thus allowing the lever holding the screw (14) to move upwards unde: 
pressure of the spring (17). When the circuit is closed, the current continues 
from the contact (16) through the screw (14), through the primer-detonator (10\ 
and returns to the generator through the other socket (13). The primer is thus 
fired and starts the explosive train. The dial (18) serves the purpose of varying 
the distance above the ground at which the burst will occur. 

Gaines. The gaine, as has been explained previously, is a part of the explosive 
train which is intended to magnify the effect of the primer to such power tha: 
the main charge of the bomb, or the booster will detonate. In the Japanese setup 
there are two gaines, one for the Army and one for the Navy. The principal 
difference between the two is that the Navy gaine is used to contain practically 
the entire explosive train except for the main charge, and sometimes an auxiliary 
booster, while the Army gaine corresponds to the American detonator. 

Army Gaines. All Army fuzes use one of the three types of gaine shown in the 
illustration. Types I and II are used with nose fuzes only, while type III :* 
used only in tail fuzes. The latter type is about twice as long as the first two 
Types I and III are ignited by a flash from a primer cap in the fuze, while type 
II is pierced by the striker. Type I is used by all Army nose fuzes except the 

A-2 (b), which uses type II. Type II and the A-2 (b) fuze are used only :r 

bombs which do not have HE as the main charge. (15 Kg. anti-personnel is an 

exception to this rule). These gaines are usually surrounded by a booster. 

Navy Gaines. There are four types of gaines used by the Japanese Navy- 
Types A and D are used for delay action w’hile types B and C are used for 
instantaneous action. The components of each gaine are illustrated below. Typo 
A has been found with different delay plugs (b-1 or b-2). The detonator plug 
a-1 may be found in two pieces or as a single piece. 

The most recent detonator plug is the a-3 which has been found in the type C 
gaine. This is a superquick gaine used in the 60 Kg. GPHE Navy bomb, type 97 
with the A-3(a) fuze. Type B employs the ordinary instantaneous plug a-2. 

Any gaine will fit any Navy fuze which takes a standard gaine. The marking." 
on the gaines refer to the type, date of manufacture, and whether used by the 
Army or Navy. 

Type A has been found with the bottom of the gaine painted red, brown, or 
green on the outside. These colors have been observed only on type A gaines 
which always employ a delay. When the b-2 delay plug is used, the tip is red 
or brown. If a b-1 plug is used, the tip is painted green. The b-2 plug is believed 
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to be of loogc-r delay. -than the b- l which has a -delay c-f 0.034 seconds. lr> t he to* • : 
plug, the delay rosy be set for 0.5 second, 1.0 s«:ond. ar 1.5 seconds 
Xt is- o# interest to note, that the. c-2 ; detonator plug, can be initiated by detonation ; 
only, since' itro?-xp!osive charge is entirely tetryi. Therefore, only the 6-3 prime i 
detonator plug eari be used with the cr 2 detonator plug. This may b*-. the >reaaio j 
for the ^tiprirqUich attiOfi Which gives the daisy vuttet effect when, used in the ; 
«(f Kg, type 97 Navy bomb. 

Navy guinea art made of brass, cadmium plated, and finished with a dull lacquer ; 
Although alJ are equipped With spanner flats, they have been, recovered fror* 
bombs into which they were screwed hand tight. The booster element in the*.- 
gaihes is si picric acid plug. In larger bombs it is not strong. enough to pause j 
complete detonation, and hence suv auxiliary booster is used. ! 




Magazines I»r Navy l^'uses. Magazines are used m Navy -fuzes to initiate hive 
explosives such as black powder. They dU never used with HE filled bqmfe; f 
Magazines can be [fitted to any' fuze which takes a standard Navy gaine. U p-.dnu; 
the present, however, only A-3(a) and A- 3(b) have, been used with magazines 
Only an insrsnlaneohs magazine with two plugs and a slight delay magazine 
three plugs have bevn found to date The *d' type plugs contain 3 large armour' 
of gunpowder and are not used in gained, plugs ;*i*’ snd 'b’ are used, in games ds 
well as magazines. The mugnzme explosive is initiated by the fuze striker pierc- 
ing plug a-] or a-3. The .most vdipnioc -use of fniigazines is with Incendiary bombs : 
The fmeg&ittg fcfatrment bf iJapaPhsc fuzes has. of necessity.. been very brief, 
but it is hoped thaii •jwfBtieftt.-'jijate^iat has been included to, interest the casual 
reader and to furnish a ffmi foundation for the more interested student -so- that 
he can go on to a deeper consideration of the subject using F'M ,E9- 1963 -and sin.', 
foreign materiel as might be -svaUafele to him. 

BOMB RECONNAISSANCE 

Before ..-he; of it must be located and identified xrs ar. 

unexpioded lepton • -'It iivstv ;h«sen .-'stated earlier in this chapter that during the 
early s tagiisi bf the dnveloprrteni.. of bomb, disposal this work was done by anyone 
who happened to he- near the bomb. Such a system Jed in many false reports 
with a cohseqUiti^: waste of eiToft upon the part of highly trained personnel. I! 
may seem almost impossible that anyone could confuse the effects of an unexploded 
bomb with those of one which has not gone off Exjc-ru nee however prove? 
that stick- ,5s the ease and perhaps the following paragraphs will convince the 
reader that one must use: ciUtSiderafe.Ut cafe in' . diagnosing any incident before 
making a positive decisioth Let us siar't with the bomb at moment of m 
release from the plane and . follow .it • through its eomptete history from that 
time until it. either. explodes or finally comes to rest, 

Btrnib flight. Ot the travel, of {be bomb from the tlrae it .leaves the carrier 
plane until >1 strikes the target, area , 7 is. important both from the standpoint of 
the none -t<x’“C 3 Sdkl observer of • (he bombing attack and of -the bomb rccoxmais- 
S'gnce or disposal office? When urn bomb i? released bom the plane, "it does 
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not lall vertically to the ground, ;'-but',.4«e-..te» the forward impulse of the plane’s 
motion and the effect of gravity, it ' follows a curved path or trajectory which 
closely approximates "'the figure of a parabola. A bomb dropped; from altitudes 
greater than It), 1300 feet , at airspeeds in the. ykhmty of 250 mites per hour , will 
-trike the ground at ah angle with the vertical of. 15 to 25 degrees. While the 
!sornb falls, the plane, of course, continues- its; ilighi. in a -more ur less horizontal 






WmM 



t •> ; ■ ,v:/;- „ *• -, i'. 1 , Vi- 1 '' IfU'V.r : . '■» * 

i . , tehy; V'.-v -/•- ; „ 

Figaro Ma&xzlit #.*. . for 1S3 r v}.l 

■ 

••'--Ui.e. Should li crmtH.-ue ;>•, the «m<e speed <i( whipti , if was moving at the 
xnoftiem of release, it may be. -as mueft s and 
Vijikre the bomb h|C^es titegfdUnd et " t iier' h,i : bT^' ’’ 

assume '.hat when the release of a bomb -can he observed chh'nf directly overhead 
nearly sp, it will not fall close to the olrsdryFcl hui futhdi f (MiM some dteUmoe 
sway m the direction of the planes flight-. • 

Penetration. When the bomb htrlkfe fW? earth, if, the Sbll is normal, It wOt 
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Hole of Entry 

continue its downward movement, until detonation occurs or the bomb comes 
to rest. The path pursued by the bomb is usually fairly straight for about two- 
thirds of the total depth to which it ultimately will go and then bends quite 
sharply. This bend frequently makes the location of an unexploded bomb more 
difficult than it would appear to be. In some instances bombs will curve under- 
ground so much that they head upward toward the surface before coming to 
rest. Others, dropped from fairly low altitudes, have actually come out again 
on the surface of the ground. Some bombs do not change their direction of 
penetration but continue to head straight down into the earth until brought to 
rest by soil resistance. 

The maximum depth to which the bomb penetrates is termed penetration. The 
maximum horizontal distance traversed underground from the point of impact is 
known as its offset. Every bomb disposal officer must accumulate as much knowl- 
edge as possible regarding penetrations and offsets of bombs of various sizes 
for the area in which he is stationed, so that he can locate them more quickly 
when called upon in emergencies. Typical of such figures are the • following 
which applied to England, during the early days of the war: 

40 % of all UXB’s penetrated 15 feet or less; 

40% penetrated 15 to 20 feet; 

15% penetrated 20 to 25 feet; 

4% penetrated 25 to 30 feet; 

1% penetrated over 30 feet. 

These figures are regardless of bomb size or soil characteristics. Obviously 
figures of practical value must take into account the soil characteristics, size and 
shape of bomb, and so on. Or, for instance, an empirical rule may be devised 
to correlate figures for one type of soil with those of another for bombs of the 
same size and shape. 

The following might be used for this purpose: 

If the depth of pentration in normal earth is 1, 

Then in chalk or coral penetration it will be 2/3, 

And in rock or concrete it will be about 1/3. 

For penetration in normal earth of 1, 



In dry clay we can expect 2, 

And in wet clay 3. 



Generally speaking it can be said that the finer the soil, the deeper will be 
the penetration. 

Hole of Entry. Frequently a hole will be found in the surface of the earth 
where the bomb penetrated, although many times it will be filled up with loose 
earth so as to resemble a spot in which someone has merely turned over a spade 
full of dirt. If the hole is found it can be used to obtain an estimate of the 
bomb’s size. The following table is a good guide for this purpose although it 
is not entirely accurate for all bombs. It was made to cover the majority of 
cases and to be easily memorized for field use. 



HOLE OF ENTRY 



Diameter of hole 




Probable type of 


Weights 


(inches) 




Projectile 


Kilograms 


Pounds 


Up to 8 


Artillery 


or Anti-personnel bomb 






8 to 12 


Bomb 




50 to 100 


110 to 220 


14 to 18 


Bomb 




250 


550 


18 to 26 


Bomb 




500 


1,100 


Over 26 


Bomb 




1,000 or over 


2,200 or over 



Holes of entry must be measured at a spot where their true diameter can be 
obtained rather than at the earth’s surface, since the area where the bomb strikes 
the ground is apt to be beaten in or the loose earth around the hole might slide 
into the hole giving an, opening much larger than the bomb’s diameter. This 
information, when obtained, will enable the bomb disposal officer to plan accurately 
an excavation to remove the bomb. Very often parts of the bomb will be found 
in the hole of entry. These pieces may also assist a bomb disposal man in 
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;dentifyj&f. .the . below and so help him to know the fuzing arrange- 
ment he will probably .encounter. ; : V . . - : ; . . . . ' 

;'-iScpl«dpa 'BbDtbs may also prove valuable in identifying other IJXB's in the 
v;v:nJty. Frorp the ;. fragments and effects nf .the egpiasion it is often possible to 
-oil just wha*c kind of bombs were dropped, which .. fetid to prove the presence 
of otoe rs of the; sdmh/type.- Then, since. hornbs'bte after; dropped in salvos -or 
slicks', the agent may be able. ,ta fin'd arr unexpioded bomb by 

pi&ttihg the ^/.the explosion? and frnen therri judging where other: 

parts of the shbitld have fallen. In other words, if a slick of four was 

loosed,: and O^l^- fourth can he readily located by spotting 
A* three known bombs oh a map and filling, in the fourth by measuring the, 
.w&4«g- iif ipe three and looking Tbr; tjye Jbftvbfc arOa;oh : the plot-up to probable 
.fiction of the fourth. 

SfftMs »1 Exploded Bombs. 



iVlipn&.bomb 



four rsoior effects may be ; . 

r.arkvd ■ - v > / 

Oi Praemeritation or - the throwing of bomb body fragments or splinters in 
direction? at high velat-ilies from the paint of explosion, A. demolition or 
. .:'k;ai-p«rp<jsc bomb case will 'ndymaliy fracture at an angle 'pg 45 degrees, 
fsve heavier Aiirioi'-pJorcmg case It-SOUiCes perpendicularly. Fragments 
to bo projected off at Tight' tingles ..to ;tf£e long axis of the bomb so that 
userquick irhphbt -fuzes -give the: groaie.^ damage.'A - ' . 



figure 38. Bt«u6 Explosion Nc»r liuititlng 



2) Blast damage occurs as the result of the rapid transformation of the 



tay-losive from a solid to -a gas. This transitu matron ~et.s up- .a shock wove which 
h*dkries from the explosion similarly.- to ripples caused by the dropping of 0 
>*fbble in still water. This wave may rebound fjvm: surfabe3. but does not Row. 
Around them- Therefore, . personnel and mole/jiii behind a strong wall normally 
<i;<i not injured by the blast wave The > hock wave builds tip u pressure in 
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front n£ it snd -creates a decrease in pressure or partial vacuum in its wake, This 
vasuiim or suction phase, dues hot flow radially- but air from all directiUtis rushes 
in to ovdvciime the vacuum. This Pauses glass, .wall's, and personnel to be mucked 
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Ga's expands 
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The Formation of a Crater From Underground Explosion, 



Figure’ 39 . 



(S) Kar tii shock occurs from the shock op compression wave from the bom', 
explosion being- transmitted through the earth. The earth neat the explosion \vih 
usually show a permanent movemehk while- the earth farther ' .aw;iy "will b 
compressed yet will spring back. The earth shock c.ri;mples' ; .i' 6 Wndatidtts apu 
crashes sowers, water mains! and other structures placed in <thp c.artn. 

(4) Behm of pieces of earth, stmctural materials, etc., will also he j»r<>jecte4 
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from the explosion like fragments, but the debris normally does not penetrate 
objects and will be greater where a bomb penetrates the ground before exploding. 

Craters. When a bomb explodes on or under the surface of the earth, it leaves 
a scar which is known as a crater except where explosion has taken place at 
such depth that it is completely confined beneath the ground. Craters are dif- 
ferent in their characteristics dependent upon conditions at the place where 
the bomb went off. It is possible here to describe the perfect crater formed 
by the surface explosion of a bomb, and that formed by an underground explo- 
sion; but the reader must remember that the usual case in the field is more 
apt to present a combination of the characteristics of each rather than a complete 
array as described herein. 

When a bomb detonates the moment it touches the ground, the explosion 
actually takes place above the earth’s surface and the downward force of the 
blast beats the ground down into a saucer-shaped crater, which has no lip or 
debrig around the edges and the sides and bottom of which are hard packed. In 
the vicinity of such a crater there will be plenty of signs of blast (such as 
trees with the leaves blown off and broken windows) and of fragmentation 
(such as pock marks in walls and tree trunks), and there will be a number of 
striation marks or grooves in the earth radiating like the spokes of a wheel 
with the crater as the hub. 

The formation of a crater due to an underground explosion is most easily 
explained by breaking it down into five successive steps: (see Fig. 39.) 

In the vicinity of such a crater the observer will find fragment damage and 
much debris which has fallen and which will be especially noticeable on ledges 
such as window sills. There will be little blast damage, but the earth shock 
should be great, causing cracks in foundations and walls and breaks in pipe lines 
which are in range. 

A glance at the sketch illustrating the fifth or final step in this series will show 
:he reader that the crater which is seen after such an explosion is not the true 
crater. It is called the apparent crater since it is all that is apparent to the 
observer. The true crater, of course, is the part buried beneath all of the loose 
^arth which fell back into the hole. 

The average sizes of apparent craters due to the underground explosion of 
bombs of normal penetration are shown in the following table: 



Bomb Size 
(Kg) 



Crater Diameter 
(Feet) 



50 

250 

500 

1,000 



10 to 15 
18 to 25 
25 to 50 
65 to 75 



False Craters. Occasionally a very large bomb which fails to explode will 
leave, instead of an obvious hole of entry, a crater which resembles that of a 
small exploded bomb. This is known as a false crater, Figure 40. Since the 
bomb is still under the ground and may explode at any titme, it is important 
that the reconnaissance agent be able to identify this crater as the sign of an 
unexploded bomb. The first step in identifying it is to notice that it does not 
have any of the outstanding signs we have come to associate with the crater of 
an exploded bomb: fragmentation damage is missing and blast damage is not 
apparent, although it is possible that there may be some damage which resembles 
that due to blast, especially if the bomb has hit a small building. The second 
step in proving the identity of this type of crater is to check its positive signs: 
U has very steep sides near the earth’s surface, the crater itself is relatively 
shallow, and, lastly, probing in the bottom of this crater will reveal the presence 
of a shaft of entry for the bomb. Since this type of crater is only made by bombs 
of 1,000 Kg. or larger, the shaft of entry will be over two feet in diameter and 
should be fairly easy to find. 

Camouflets. When a bomb explodes underground and lacks the power to create 
a crater, it forms a chamber such as that described in steps two and three above. 
This is known as a camouflet. The majority of camouflets are formed by small 
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Diagnosing UXB’s 

bombs of 50 or 60 kilograms. The amount of surface indication of a camouflet de- 
pends upon the depth at which the explosion took place. The danger of a camouflet 
lies in the fact that the chamber is filled with the gaseous by-products of the 
explosion, mainly carbon-monoxide. Since the loose surface earth is easily dis- 
lodged by a man walking on it, the whole thing is apt to cave in thus precipi- 
tating the walker into a chamber full of very deadly gas. 

There are three types of camouflet identified as follows: 

Type A: A mound of soft earth within a few feet of a hole of entry. The center 
of the underground chamber in this type is usually about twelve feet under- 
ground, and, since the chamber may be as large as twelve feet in diameter, it 
will extend up to within six feet of the earth's surface and can readily be located 
by means of a probe rod. 

Type B: A mound of cracked, heaved earth within a few feet of a hole of entry. 
The center of the chamber of this camouflet will be about sixteen feet underground. 

Type C: This type camouflet occurs about twenty-one feet underground and is 
so deep that it leaves no surface indications. Even the most experienced bomb 
disposal or reconnaissance man will think this an unexploded bomb. 

When a camouflet is suspected, its presence can be definitely ascertained by 
probing and locating the underground chamber.- 

Warning. The gas from certain types of camouflet is highly explosive. All 
probing must be done with non-sparking tools. When men are working above a 
suspected camouflet certain other safety precautions must also be observed. 
Planks should be laid across the mound to decrease the possibility of a cave-in. 
The man who stands on the planks to use the probe rod must wear a lifeline so 
tnat he can be hauled out quickly should he slip and fall into the camouflet. The 
difference of a few seconds in pulling a man out of such a hole may mean the 
difference between life and death to him, because of the high concentration of 
monoxide gases. 

When it has been decided that a camouflet is definitely present, it can be dis- 
posed of by using a fire hose to fill the chamber with water. For this purpose 
the demolition truck of Chemical Warfare units is ideal. Insert the hose nozzle 
nto the hole made by the probe rod remove personnel to a safe distance from 
the hole and turn on full pressure. 

Diagnosis of Unexploded Bombs. In open ground the unexploded bomb is most 
easily identfied by its hole of entry. Absence of other signs of explosion help, 
of course, for example when there is such a thing as a false crater present. 
Occasionally, the debris thrown about by a nearby explosion will toss a rock, 

other hard object, so high that in falling it will penetrate the ground and leave 
a hole which is easily confused with a hole of entry. The bomb reconnaissance 
agent can avoid reporting such things as unexploded bombs by taking a little 
more time and investigating just a little more carefully before rushing off to get 
ane of the squads (sep) in action. It will save ordnance officers from being em- 
barrassed, for example, to report an unexploded bomb in, say, the attic of a house 
md then have someone walk out of the house carrying the rock which made a 
bole in the roof. This is particularly true in situations where bomb disposal per- 
sonnel are located considerable distances from the scene, or their services during 
m emergency may be in great demand. 

In pavements the only thing which is apt to deceive the uninitiated is the hole 
nade by the explosion of a fragmentation bomb when it explodes. It sometimes 
>as the appearance of a hole of entry of a larger bomb. However, a little probing 
gently, of course) in what seems to be the hole of entry will convince the in- 
stigator that the earth is still in its natural state, however torn the pavement 
nay be. 

In rivers, lakes, or ponds, there is no way one can tell whether a bomb has not 
xploded except by seeing it fall. Even then, unless careful observations are 
aken, it is almost impossible to locate it. The explosion of a bomb in water can 
requently be detected because of the way the water may be discolored or because 
»f the presence of a large number of dead fish. The absence of dead fish is 
bviously not positive proof that the bomb failed to explode. 

An unexploded bomb in a building is apt to present the most confusing set of 
igns to a reconnaissance agent. One example should suffice to prove this point 
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and at. the same time to point out; the things one must watch for. There is so 
re^hnhissatiice agent who found the hole of entry of a boon 
in the roof of ah apartment house building in England. It. was a 250 Kg. bocr: 
and had passed through several stories of the building. The agent traced its 
path until he earns to a mom about tour doors down where the bomb had entered 
Opd then apparently had exploded. Piaster was liberally scattered about t hr 
room, furrd tare was broken, several panes of glass' were smashed and the g'enersl 
effect of devastation wag extensive There was a hole of entry in the ceiling, t: 
show ‘Where the bomb had entered the room but none, m the- floor and no bon,; 
in the room. The reconnaissance agent assumed that the bomb exploded ana 
reported it as an exploded 250 kg- barhb.. The people were therefore permittee 
to stay in the building and the incident was dosed until the next morning : wher 



FlfruXeAb Damage Due to ap UuesnJoOJM 230 Kg. German ttostsJb. 



the bomb exploded just outside of the tiuildifig. It had, apparently, glanced of. 
a beam in the floor and bounced put 6E the window. Had the reconnaissance ages! 
looked for tbie, Sighs of 'explosion, fragsmentatibn damage, pulverized plaster (|bt 
•masonry- in that room had been broken up, but not powdered as it Would have 
been in the cast- of an explosion ) , blackening of walls and ‘ceiling and floor, blast 
damage Cal! windows would have broken, not just a few) and the smell of ex- 
plosive which would linger a long time in such confined quarters, he would net 
have turned in such ;,i report. Then, too, a 250 Kg, bomb is a large missile which 
would have dohe a tremendously greater amount of damage than Would have 
been ?jnglc ; room /nto lesson learned from this incident siroph 

was do not attempt to do too much, got back to the outfit hurriedly before com- 
pletipg the job or to gloss over the facts of the case considering only surface i»- 
any.- rate '.his mistake was a costly one and an unnecessary one. Do 
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bombs are divided into two groups — buried bombs and unburied bombs. The dis- 
tinction is illustrated in the following table: 



UNBURIED BOMBS 



Bomb Size 



Penetration 



50 Kg. 
100 Kg. 
250 Kg. 
500 Kg. 



2 feet or less 

3 feet or less 

4 feet or less 
6 feet or less 



All other bombs are to be considered as buried bombs. 

In the open, the danger area of a buried bomb is about 100 yards, and for an 
unburied bomb 300 yards. These figures must be increased fifty percent for 
bombs known to be 1,000 Kg. or larger. In populated areas the following rules 
for evacuation should be followed: 

(1) For buried bombs — evacuate all buildings within 50 yards; open all doors 
and windows within 100 yards; allow no wheeled traffic within 50 yards. 

(2) For unburied bombs — evacuate all buildings within 100 yards, and the rooms 
of buildings facing the bomb and within 200 yards of it; allow no wheeled traffic 
within 150 yards of it. 

(3) Parachute mines require an evacuation of personnel and wheeled traffic of 
400 yards. 

These distances may be decreased or modified by the bomb disposal officer if the 
bomb can be definitely established as being less than 1,000 pounds. 

Protective Works are designed to diminish the effect of an unexploded bomb 
which later explodes. Because of the difficulty of erecting these works, they are 
usually reserved for very vital installations. The types and method of employ- 
ment of protective works are covered in Section III, Chapter 3 of FM 9-40. 

Reporting of Unexploded Bombs has always been one of the headaches of bomb 
disposal personnel. It is only logical that those persons at the scene of a bombing 
attack or those occupying an area subsequent to such an attack should be the 
ones who locate the bombs that do not explode. Once an unexploded bomb is 
suspected, the location should be marked and the incident reported through spe- 
cific channels for such reports or through command channels. This location and 
reporting is the essence of bomb reconnaissance which for all its length of title 
requires only two simple steps — Locate and Report. Then, for the safety of all 
concerned. Leave the Object Alone. Many instances have been reported where 
personnel of the armed forces have courted sudden death through ignorance of 
the two rules set forth above. For example: an enlisted man in an overseas 
theater was discovered by a bomb disposal officer hammering his tent pegs with 
an unexploded, American fragmentation bomb. That he still lives is sheer luck. 
This is not just an isolated case because the same report mentioned numerous 
instances of failure to take the simple precautions necessary to safeguard against 
unexploded bombs. Bomb disposal’s only reason for existence is to further the 
safeguard of personnel and materiel, but it can operate properly only through 
cooperation of those persons concerned especially from reporting incidents. False 
alarms are to be expected but this is better than to allow a dud bomb to explode 
for lack of reporting or want of proper handling. False alarms, however, can 
be reduced by indoctrinating troops in the knowledge of bombs, the effects of 
exploding bombs and UXB’s. 

ORGANIZATION FOR BOMB DISPOSAL 

Bomb Disposal originated in England, so it was to England that we looked 
for much of our early knowledge of disposal methods and the organization and 
employment of bomb disposal troops. 

Bomb Disposal Companies are still the basic units used in England. These 
British companies and the original U. S. Ordnance bomb disposal companies were 
organized into a headquarters, headquarters platoon, and four operating platoons. 
Each platoon was under an officer and was capable of operating as two sections, 
each working on a separate incident. In the ‘tight little isle’, with its multitude 
of vital targets and the static condition of this aerial battleground, this organi- 
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ton truck, one two and one-half ton truck with winch, and one-ton trailer. The 
ability to ride as a complete unit in a single vehicle provides speed of mobility 
for travel in combat areas. Finally, the unit is not burdened with mess equip- 
ment, cooks, and rations since it will normally be attached to the nearest avail- 
able outfit for its mess and quarters. 

Despite the small size of the squad, it is large enough to do any job on which 
:t has thus far been detailed. It can, for instance, cover two or three airfields 
simultaneously, if enemy attacks are not unusually heavy. The squad is also 
able to handle the bomb disposal work around a railhead or supply base. Under 
normal conditions it will handle adequately the bomb disposal needs of a small 
town without outside additional help, or, by utilizing borrowed labor, it can 
handle the normal bomb disposal needs of a city of moderate size. An appreciable 
all-around flexibility gain has thus been obtained from organization of bomb dis- 
posal service into squads over the company set-up formerly used. 

Bomb disposal squads are charged with the following duties: 

1. Handle all unexploded bombs in the vicinity where located; 

2. Make and forward intelligence reports; 

3. Give instructions in bomb reconnaissance; 

4. Inert materiel for instructional purposes. 

Bomb Disposal Squad equipment is listed in T/O and E 9-500 and in addition 
*o the transportation previously cited, includes; 

1 each — Block, ordinary, steel shell for 1 inch rope 

3 each — Blocks, snatch, steel shell for 1 inch rope 

2 pair — Asbestos mittens, M1942 

1 each — Photographic Set PH-261, consisting of 
1 each — camera 35mm, f4.5 lens 
1 each — enlarger 
1 each — G.E. light meter 

Miscellaneous darkroom equipment, film, filters, etc. 

1 each — Demolition equipment set No. 1, consisting of 
1 each — blasting machine, 10 cap 
1 each — reel electric cable, 500 feet 
1 each — wire cutter, insulated 
1 each — crimper, non-sparking 
1 each galvanometer 

Miscellaneous tape, string, cap box, etc. 

1 each — set tools and supplies, Bomb Disposal, consisting of 
10 each — containers for V 2 lb. shaped charges 
1 each — fuze deactivator 4-D-20 
1 each — fuze deactivator 4-D-25 
1 each — discharger, fuze 
1 each — set of drills 
1 each — extractor, fuze 
10 lb. — explosive, composition C 
1 each — stethascope 

1 each — set tools, non-sparking, consisting of 
1 crow bar 
1 probe bar 
1 wrecking bar 

1 pick 

2 shovels rd. pt. 

1 shovel sq. pt. 

1 trowel 

1 each — vise, 4% inch jaw width 

Miscellaneous wrenches, screwdrivers, hammers, etc. 

Dependent upon the assigned mission and duties a squad attached to the Air 
r orce should be able to handle our own and allied bombs for ‘bombing up’ 
Varies. If attached to Ground Forces, it should be able to clear land mines and 
:oo by traps in rear areas where called upon to support Engineer troops normally 
^signed these tasks, especially in captured munition dumps, and it should be 
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able to classify and destroy unserviceable ammunition. Attached to Army Service 
Forces, the squad should be able to supervise the inspection, classification, storage 
and shipment of both allied and enemy explosives and to instruct troops in the 
danger of land mines and booby traps. All of these duties are those which squads 
in the field have actually been called on to handle and have handled effectively. 

Bomb Disposal Staff Officer. In addition to the units mentioned above, there 
is a staff officer for bomb disposal assigned to the Ordnance officer of theaters of 
operations staffs, field armies, service commands and defense commands. These 
men are responsible for advising the Ordnance officer on all matters pertaining 
to bomb disposal intelligence, requirements, policies, and employment. They are 
also responsible for the co-ordination of the efforts of all bomb disposal units 
in their theater. 
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CHAPTER 2 



SHOP THEORY AND PRACTICE 



INTRODUCTION 

This chapter gives basic information concerning the equipment used in the 
Service Section of an Ordnance Maintenance Company. 

The “machines of war” are our concern. As maintenance units it is our duty 
to see that after materiel has been manufactured, it is kept operating. It is 
the machine tool that plays an important part in keeping it operating. 



SHOP MATHEMATICS 

The following information on Shop Mathematics has been designed to be used 
primarily as a refresher since the material is condensed. Nevertheless, sufficient 
information is provided to work all types of problems presented. 



FRACTIONS 



The greatest part of a machinist’s work involves working with fractions and 
reducing them to lowest terms. If the numerator and denominator of a fraction 
is divisible by a number, the fraction can be reduced. By the same token, a 
fraction has been reduced to lowest terms if the numerator and denominator 
is not divisible by a single number. 

EXAMPLES: Fractions reduced to lowest terms: 



2 _ 2 + 2 
4 4 + 2 

12 12 + 4 

44 44 + 4 




9 _ 3 

12 4 

14 _ 7 

32 16 



27 _ 3 

36 T" 

25 _ 5 

45 9 



Lowest Common Denominator. To find the lowest common denominator, place 
the denominators in a row, separated by commas. This group of denominators 
a to be divided by a selected number which permits two or more of the group 
numbers to be divided evenly. Place the quotients of this division process benedth 
their respective denominators. In the event that a denominator is not divisible 
by the selected number, that denominator is merely placed below itself and a 
new selected number is used to repeat the process of division of the denominators. 
Continue this process until no two of the remaining denominators can be divided 
by an number except 1. The product of the divisors and the quotients of the 
last division is the lowest common denominator, or L.C.D. 

Given: 8, 5, and 10 are denominators of fractions to be added. 

To Find: Lowest common denominator 



5 8, 5, 10 

2 8 , 1 , 2 

4, 1, 1 = 5X2X4X1X1 



40 L.C.D. 



Addition. The addition of fractions requires the use of a common denominator 
since fractions are units of a whole; unlike units cannot be added. 

Problem: Select a common denominator. Add 



1 . 

2 . 

3. 

4. 



2 



+ 



14 

32 



+ 



27 

36 



Reduce: ^ + 




Common Denominator: 




Simplify: 



8 

16 



+ 



Add Numerators: 



~ 16 ~ + ' 
8 + 7 + 



12 



16 

12 



16 




27 

16 



or Hi 




X 




) 
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Subtraction. To subtract fractions, establish a common denominator and 
subtract the minus numerator from the positive numerator. 

a. 1/2 — 1/3 =(1/2 X 3/3) — (1/3 X 2/2) = 3/6 — 2/6 = 1/6 

b. 11/16 — 3/8 = 11/16 — (3/8 X 2/2) = 11/16 — 6/16 = 5/16 

c. 13/16 — 2/3 = (13/16 X 3/3) — (2/3 X 16/16) = 39/48 — 32/48 = 7/48 
Multiplication. The result of the multiplication of fractions is the product of 

the numerators divided by the product of the denominators. 

1/2 X 1/2 = 1/4 1/4 X 1/2 = 1/8 

Cancellation of Fractions. Cancellation is the process of shortening the multi- 
plication of fractions with respect to reducing the numerators and denominators. 
Multiplication is simplified by cancellation, since the numerators and denomi- 
nators are reduced by dividing any numerator and denominator of a series of 
fractions to be multiplied by a common factor. 




Division. To divide fractions, invert the divisor and multiply. This rule must 
be adhered to in the strictest sense in order to perform the operation without error. 
1. 2/3 h- 1/2 = 2/3 X 2/1 = 4/3 or 1 1/3. 2. 3/4 = 4 = 3/4 X 1/4 = 3/16 

DECIMALS 

Addition. When adding decimals, arrange all decimal points in a single column 
to avoid errors. It is suggested to add ciphers where necessary. 

‘Add: 3.25 + 72.004 + 8645.0725 + 647.875 

3.2500 

72.0040 

8645.0725 

647.8750 



9368.2015 

Subtraction. In the subtraction of decimals, arrange decimal points in a column 
and add ciphers to avoid errors. 

42.630 19.00000 289.9410 

—18.275 — 3.67921 —288.9417 



24.355 15.32079 .9993 

Multiplication. The process of multiplying decimals is the same as with 
numbers having no decimals except that the product is pointed off from right to 
left equal to the sum of the decimal places of the multiplier and the multiplicand. 



1.5 


4.5 


2.34 


5.062 


X 2 


X7.5 


X-072 


X .374 


3.0 


225 


468 


20248 




315 


1638 


35434 




33.75 


.16848 


15186 



1.893188 

Division. When dividing decimals, the number of decimal places in the quotient 
is equal to the number of places which the dividend exceeds the divisor. 
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80.91 

.964) 78.00000 
7712 



61.00 

.002) .12200 

12 



Conversion of Fractions to Decimals. To change a fraction to a decimal, divide 
the numerator by the denominator. 

_ .250 .875 

1. 1/4 = 4)1.000 2. 7/8 = 8)7.000 

64 



Conversion of Decimals to Fractions. In converting decimals to fractions, the 
numerator is the decimal number, with the denominator as one plus a series of 
ciphers equal to the number of decimal places of the numerator. 



1. .5 = - 



2. .125 



3. .25 =-^— = or — ^ — 

1.00 100 4 

SQUARE OF A NUMBER 

A square is the product of a number multiplied by itself. 

8 X 8 = 64 64 is the square of 8 

9 X 9 = 81 81 is the square of 9 

A number raised to a power is that number multiplied by itself as many times 
as the exponent indicates. 

1. 3‘ = 3 X 3 X 3 X 3 3. 4 3 - 4X4X4 

3 4 = 81 4 s = 64 

2. V = 7 X7 4. 2 5 = 2 X 2 X 2 X 2 X 2 

7 s = 49 2 5 = 32 



7 s = 49 2 5 = 32 

SQUARE ROOT OF A NUMBER 

To extract the square root of a number means to find that number which 
multiplied by itself will be the original number. The radical sign V means 
to extract the square root of that number which is underneath it. A number 
may be factored into perfect squares beneath the radical sign, and the root 
extracted from each factor. The roots of those perfect squares are then multi- 
plied together, and the root of the original number is the result. 

A. V~64 = 8 V 1225 = 35 



V 


64 


= 8 














V 1225 = 


35 








V' 


256 


= 16 














V 2025 = 


45 








V 


25 


= 5 














V 6400 = 


80 








V 


576 


= V 


4 


X 


" 144 . = 


V 


T 


X 


V 144 = 


2 X 


12 


or 


24 


V 


1225 


= V 


25 


X 


~49 = 


V 


25' 


X 


V 49 = 


5 X 


7 


or 


35 


V 


484 


= V 


4~ 


X 


121 = 


V 


4 


X 


V 121 ' = 


2 X 


11 


or 


22 


V 


900 


= V 


r 


X 


100 = 


V 


<T 


X 


V 100 = 


3 X 


10 


or 


30 
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